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BOOK  VIII. 


THE  SECONDARY  MECHANICAL  SCIENCES. 


UISTOUY  OF  ACOUSTICS. 


Go,  demand 

Of  mighty  Nature,  if  'twas  ever  meant 

That  we  should  pry  far  off  and  bo  unraised, 

That  we  should  pore,  and  dwindle  as  wo  pore, 

Viewing  all  objects  unremittingly 

In  disconnexion  dead  and  spiritless ; 

And  still  dividing,  and  dividing  still, 

Break  down  all  grandeur,  still  unsatisfied 

With  the  perverse  attempt,  while  littleness 

May  yet  become  more  little  ;  waging  thus 

An  impious  warfare  'gainst  the  very  life 

Of  our  own  souls.  Wordswobtd,  Excurskm* 
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Airoirayv-  NoNNUS.  Dlonysiac.  xli.  274- 

Along  the  skiey  arch  the  goddess  trode, 
And  sought  Harmonia's  august  abode  ; 
The  universal  plan,  the  mystic  Four, 
Defines  the  figure  of  the  palace-floor. 
8olid  and  square  the  ancient  fabric  stands, 
Raised  by  the  labors  of  unnumbered  hands. 


Nw 
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INTRODUCTION. 
The  Secondary  Mechanical  Sciences, 

IN  the  sciences  of  Mechanics  and  Physical  Astronomy,  Motion  and 
Force  are  the  direct  and  primary  objects  of  our  attention.  But 
there  is  another  class  of  sciences  in  which  we  endeavor  to  reduce 
phenomena,  not  evidently  mechanical,  to  a  known  dependence  upon 
mechanical  properties  and  laws.  In  the  cases  to  which  I  refer,  the 
tacts  do  not  present  themselves  to  the  senses  as  modifications  of  posi- 
tion and  motion,  but  as  secondanj  qualities^  Avhich  are  fomid  to  be  in 
some  way  derived  from  those  primary  attributes.  Also,  in  these  cases 
the  phenomena  are  reduced  to  their  mechanical  laws  and  causes  in  a 
secondary  manner;  namely,  by  treating  them  as  the  operation  of  h 
medium  interposed  between  the  object  and  the  organ  of  sense.  Those, 
then,  we  may  call  Secondary  Mechanical  Sciences,  The  sciences  of 
tliis  kind  which  require  our  notice  are  those  which  treat  of  the  sensi- 
ble qualities,  Sound,  Light,  and  Heat;  that  is,  Acoustics,  Optics,  and 
Tlierraotics. 

It  will  be  recollected  that  our  object  is  not  by  any  means  to  give  a 
full  statement  of  all  the  additions  which  have  been  successively  made 
to  our  knowledge  on  the  subjects  under  revicAV,  or  a  complete  list  of 
the  persons  by  whom  such  additions  have  been  made;  but  to  present 
.  a  view  of  the  progrciis  of  each  of  those  branches  of  knowlcMlge  as 
a  theoretical  science  ; — to  point  out  the  Epochs  of  the  discovery  of 
those  general  principles  which  reduce  many  facts  to  one  theory  ;  and 
♦o  note  all  that  is  most  characteristic  and  instructive  in  the  circum- 
>tAnces  and  persons  which  bear  upon  such  Epochs.  A  history  of 
any  science,  written  with  such  objects,  will  not  need  to  be  long;  but 
it  will  fail-  in  its  purpose  altogether,  if  it  do  not  distinctly  exhibit  some 
well-marked  and  prominent  features. 
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We  begin  our  account  of  the  Secondary  Mechanical  Sciences  with 
Acoustics,  because  the  progress  towards  right  theoretical  views,  was,  in 
fact,  made  much  earlier  in  the  science  of  Sound,  than  in  those  of  Light 
and  of  "Heat ;  and  also,  because  a  clear  comprehension  of  the  theory 
to  which  we  are  led  in  this  case,  is  the  best  preparation  for  the  diflScul- 
ties  (by  no  means  inconsiderable)  of  the  reasonings  of  theorists  on  the 
other  subjects. 


CHAPTER  I. 
Prelude  to  the  Solution  of  Problems  in  AcousTica 

IN  some  measure  the  true  theory  of  sound  was  guessed  by  very  early 
speculators  on  the  subject;  though  undoubtedly  conceived  in  a 
very  vague  and  wavering  manner.  That  sound  is  caused  by  some 
motion  of  the  sounding  body,  and  conveyed  by  some  motion  of  the 
air  to  the  ear,  is  an  opinion  which  we  trace  to  the  earliest  times  of 
physical  philosophy.  We  may  take  Aristotle  as  the  best  expounder 
of  this  stage  of  opinion.  In  his  Treatise  On  Sound  and  Hearing^  he 
says,  "  Sound  takes  place  when  bodies  strike  the  air,  not  by  the  air 
having  a  form  impressed  upon  it  (tfp^^jjxan^ofjLSvov),  as  some  think,  but 
by  its  being  moved  in  a  corresponding  manner ;  (probably  he  means 
in  a  manner  corresponding  to  the  impulse ;)  the  air  being  contracted, 
and  expanded,  and  overtaken,  and  again  struck  by  the  impulses  of  the 
breath  and  of  the  strings.  For  when  the  breath  falls  upon  and  strikes 
the  air  which  is  next  it,  the  air  is  carried  forwards  with  an  impetus, 
and  that  which  is  contiguous  to  the  first  is  earned  onwards ;  so  that 
the  same  voice  spreads  every  way  as  far  as  the  motion  of  the  air  takes 
place." 

As  is  the  case  with  all  such  specimens  of  ancient  physics,  different 
persons  would  find  in  such  a  statement  very  different  measures  of 
truth  and  distinctness.  The  admirers  of  antiquity  might  easily,  by 
pressing  the  language  closely,  and  using  the  light  of  modern  discovery, 
detect  in  this  passage  an  exact  account  of  the  production  and  propa- 
gation of  sound :  while  others  might  maintain  that  in  Arist<>tle's  own 
mind,  there  were  only  vague  notions,  and  verbal  generalizations.     This 
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ktto  opinion  is  very  emphatically  expressed  by  Bacon.*  "  The  colli- 
Bion  or  thrusting  of  air,  which  they  will  have  to  be  the  cause  of  sound, 
neither  denotes  the  form,  nor  the  latent  process  of  sound ;  but  is  a 
term  of  ignorance  and  of  superficial  contemplation."  Nor  can  it  be 
justly  denied,  that  an  exact  and  distinct  apprehension  of  the  kind  of 
motion  of  the  air  Ky  which  sound  is  diif used,  was  beyond  the  reach  of 
the  ancient  philosophers,  and  made  its  way  into  the  world  long  after- 
wards. It  was  by  no  means  easy  to  reconcile  the  nature  of  such  motion 
with  obvious  phenomena.  For  the  process  is  not  evident  as  motion  ; 
since,  as  Bacon  also  observes,'  it  does  not  visibly  agitate  the  flame  of  a 
candle,  or  a  feather,  or  any  light  floating  substance,  by  which  the  slight- 
est motions  of  the  air  are  betrayed.  Still,  the  persuasion  that  sound 
is  some  motion  of  the  air,  continued  to  keep  hold  of  men's  minds,  and 
acquired  additional  distinctness.  The  illustration  employed  by  Vitru- 
vius,  in  the  following  passage,  is  even  now  one  of  the  best  we  can 
offer.'  "  Voice  is  breath,  flowing,  and  made  sensible  to  the  hearing  by 
striking  the  air.  It  moves  in  infinite  circumferences  of  circles,  as 
when,  by  throwing  a  stone  into  still  water,  yon  produce  innumerable 
circles  of  waves,  increasing  from  the  centre  and  spreading  outwards, 
till  the  boundary  of  the  space,  or  some  obstacle,  prevents  their  outlines 
from  going  further.  In  the  same  manner  the  voice  makes  its  motion 
in  circles.  But  in  water  the  circle  moves  breadthways  upon  a  level 
plain;  the  voice  proceeds  in  breadth,  and  also  successively  ascends  in 
height" 

Botli  the  comparison,  and  the  notice  of  the  difference  of  the  two 
cases,  prove  the  architect  to  have  had  very  clear  notions  on  the  sub- 
ject ;  which  he  further  shows  by  comparing  the  resonance  of  the 
walls  of  a  building  to  the  disturbance  of  the  outline  of  the  waves  of 
water  when  they  meet  with  a  boundary,  and  are  thrown  back.  "  There- 
fore, as  in  the  outlines  of  waves  in  water,  so  in  the  voice,  if  no  obstacle 
interrupt  the  foremost,  it  doe^  not  disturb  the  second  and  the  following 
ones,  so  that  all  come  to  the  ears  of  persons,  whether  high  up  or  low 
down,  without  resonance.  But  when  they  strike  against  obstacles,  the 
foremost,  being  thrown  back,  disturb  the  lines  of  those  which  follow." 
Similar  analogies  were  employed  by  the  ancients  in  order  to  explain 
the  occurrence  of  Echoes.  Aristotle  says,*  "An  Echo  takes  place, 
when  the  air,  being  as  one  lx)dy  in  consecjucnce  of  the  vessel  which 
bounds  it,  and  being  prevented  from  being  thrust  forwards,  is  reflected 
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back  like  a  ball."  Nothing  material  was  added  to  such  views  till 
modem  times. 

Thus  the  first  conjectures  of  those  who  philosophized  concerning 
sound,  led  them  to  an  opinion  concerning  its  causes  and  laws,  which 
only  required  to  be  distinctly  understood,  and  traced  to  mechanical 
principles,  in  order  to  form  a  genuine  science  of  Acoustics.  It  was^ 
no  doubt^  a  work  which  required  a  long  time  and  sagacious  reasoners, 
to  supply  what  was  thus  wanting ;  but  still,  in  consequence  of  this 
peculiar  circumstance  in  the  early  condition  of  the  prevalent  doctrine 
concerning  sound,  the  history  of  Acoustics  assumes  a  peculiar  form. 
Instead  of  containing,  like  the  history  of  Astronomy  or  of  Optics,  a 
series  of  generalizations,  each  including  and  rising  above  preceding 
generalizations ;  in  this  case,  the  highest  generalization  is  in  view 
from  the  first ;  and  the  object  of  the  philosopher  is  to  determine  its 
precise  meaning  and  circumstances  in  each  example.  Instead  of 
having  a  series  of  inductive  Truths,  successively  dawning  on  men's 
minds,  we  have  a  series  of  Explanations,  in  which  certain  experi- 
mental facts  and  laws  are  reconciled,  as  to  their  mechanical  principles 
and  their  measures,  with  the  general  doctrine  already  in  our  posses- 
sion. Instead  of  having  to  travel  gradually  towards  a  great  discovery, 
like  Universal  Gravitation,  or  Luminiferous  Undulations,  we  take  our 
stand  upon  acknowledged  truths,  the  production  and  propagation  of 
sound  by  the  motion  of  bodies  and  of  air;  and  we  connect  these 
with  other  truths,  the  laws  of  motion  and  the  known  properties  of 
bodies,  as,  for  instance,  their  elasticity.  Instead  of  Epochs  of  Dis^ 
covery^  we  have  Solutions  of  Problems  ;  and  to  these  we  must  now 
proceed. 

We  must,  however,  in  the  first  place,  notice  that  these  Problems 
include  other  subjects  than  the  mere  production  and  propagation  of 
sound  generally.  For  such  questions  as  these  obviously  occur : — 
what  are  the  laws  and  cause  of  the  dificrenccs  of  sounds ; — of  acute 
and  grave,  loud  and  low,  continued  and  instantaneous ; — and,  again, 
of  the  differences  of  articulate  sounds,  and  of  the  quality  of  different 
voices  and  different  instruments?  The  first  of  these  questions,  in 
particular,  the  real  nature  of  the  difference  of  acute  and  grave  sounds, 
^ould  not  help  attracting  attention ;  since  the  difference  of  notes  in 
this  respect  was  the  foundation  of  one  of  the  most  remarkable  mathe- 
matical sciences  of  antiquity.  Accordingly,  we  find  attempts  to 
explain  this  difference  in  the  ancient  writers  on  music.  In  Ptolemy's 
Harmonics^  the  third  Chapter  of  the  first  Book  is  entitled,  "  II ow  the 
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acuteness  and  gravcness  of  notes  is  produced ;"  and  in  this,  after 
noting  generally  the  difference  of  sounds,  and  the  causes  of  difference 
(which  he  states  to  be  the  force  of  the  striking  body,  the  physical 
constitution  of  the  body  struck,  and  other  causes),  he  comes  to  the 
conclusion,  that  "the  things  which  produce  acuteness  in  sounds,  are  a 
greater  density  and  a  smaller  size  ;  the  things  which  produce  gravc- 
ness, are  a  greater  rarity  and  a  bulkier  form."  He  afterwards  explains 
this  so  as  to  include  a  considerable  portion  of  truth.  Thus  he  says, 
**  That  in  strings,  and  in  pipes,  other  things  remaining  the  same,  those 
which  are  stopped  at  the  smaller  distance  fi-om  the  bridge  give  the 
most  acute  note  ;  and  in  pipes,  those  notes  which  come  through  holec 
nearest  to  the  mouth-hole  are  most  acute."  He  even  attempts  a 
farther  generalization,  and  says  that  the  greater  acuteness  arises,  in 
fiict,  from  the  body  being  more  tense  ;  and  that  thus  "  hardness  may 
counteract  the  effect  of  greater  density,  as  we  see  that  brass  produces 
a  more  acute  sound  than  lead."  But  this  author's  notions  of  tension, 
since  they  were  applied  so  generally  as  to  include  both  the  tension  of 
a  string,  and  the  tension  of  a  piece  of  solid  brass,  must  necessarily 
have  been  very  vague.  And  he  seems  to  have  been  destitute  of  any 
knowledge  of  the  precise  nature  of  the  motion  or  impulse  by  which 
sound  is  produced ;  and,  of  course,  still  more  ignorant  of  the  me- 
chanical principles  by  which  these  motions  are  explained.  The  notion 
of  vibrations  of  the  parts  of  sounding  bodies,  does  not  appear  to  have 
been  dwelt  upon  as  an  essential  circumstance ;  though  in  some  cases, 
as  in  sounding  strings,  the  fact  is  very  obvious.  And  the  notion  of 
vibrations  of  tlie  air  does  not  at  all  appear  in  ancient  writers,  except 
so  far  as  it  may  be  conceived  to  be  implied  in  the  comparison  of 
aerial  and  watery  waves,  which  we  have  quoted  from  Vitruvius.  It 
is,  however,  very  unlikely  that,  even  in  the  case  of  water,  the  motions 
of  the  particles  were  distinctly  conceived,  for  such  conception  is  far 
from  obvious. 

The  attempts  to  apprehend  distinctly,  and  to  explain  mechanically, 
the  phenomena  of  sound,  gave  rise  to  a  scries  of  Problems,  of  which 
we  must  now  give  a  brief  history.  The  questions  which  more 
peculiarly  constitute  the  Science  of  Acoustics,  arc  the  questions  con- 
cerning those  motions  or  affections  of  the  air  by  which  it  is  the 
medium  of  hearing.  But  the  motions  of  sounding  bodies  have  both 
60  much  connexion  with  those  of  the  medium,  and  so  much  resem- 
blance to  them,  that  we  shall  include  in  our  survey  researches  on  that 
ubject  also. 
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CHAPTER  n. 
Problem  of  the  Vibrations  op  Strings. 

THAT  the  continuation  of  sound  depends  on  a  continued  minute  and 
rapid  motion,  a  shaking  or  trembling,  of  the  parts  of  the  sounding 
body,  was  soon  seen.  Thus  Bacon  says,*  "  The  duration  of  the  sound 
of  a  bell  or  a  string  when  struck,  which  appears  to  be  prolonged  and 
gradually  extinguished,  does  not  proceed  from  the  first  percussion ; 
but  the  trepidation  of  the  body  struck  perpetually  generates  a  new 
sound.  For  if  that  trepidation  be  prevented,  and  the  bell  or  string  be 
stopped,  the  sound  soon  dies :  as  in  spinets^  as  soon  as  the  spine  is  let 
fall  so  as  to  touch  the  string,  the  sound  ceases."  In  the  case  of  a 
stretched  string,  it  is  not  diflScult  to  perceive  that  the  motion  is  a 
motion  back  and  forwards  across  the  straight  line  which  the  string 
occupies  when  at  rest.  The  further  examination  of  the  quantitative 
circumstances  of  this  oscillatory  motion  was  an  obvious  problem  ;  and 
especially  after  oscillations,  though  of  another  kind  (those  of  a  pendu- 
lous body),  had  attracted  attention,  as  they  had  done  in  the  school  of 
Galileo.  Mersennc,  one  of  the  promulgators  of  Galileo's  philosophy  in 
France,  is  the  first  author  in  whom  I  find  an  examination  of  the  details 
of  this  case  {Harmonicorum  Liber.  Paris,  1036).  He  asserts,*  that  the 
differences  and  concords  of  acute  and  grave  sounds  depend  on  the 
rapidity  of  vibrations,  and  their  ratio ;  and  he  proves  this  doctrine  by 
a  series  of  experimental  comparisons.  Thus  he  finds'  that  the  note  of 
a  string  is  as  its  length,  by  taking  a  string  fii-st  twice,  and  then  four 
times  as  long  as  the  original  string,  other  things  remaining  the  same. 
This^  indeed,  was  known  to  the  ancients,  and  was  the  basis  of  that 
numerical  indication  of  the  notes  which  the  proposition  expresses. 
Mersenne  further  proceeds  to  show  the  effect  of  thickness  and  tension. 
He  finds  (Prop.  V)  that  a  string  must  be  four  times  as  thick  as  another, 
to  give  the  octave  below ;  he  finds,  also  (Prop.  8),  that  the  tension 
must  be  about  four  times  as  great  in  order  to  produce  the  octave  above. 
From  these  proportions  various  others  are  deduced,  and  the  law  of  the 
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phenomena  of  this  kind  may  be  considered  as  determined.  Mersenne 
also  undertook  to  measure  the  phenomena  numerically,  that  is  to 
determine  the  number  of  vibrations  of  the  string  in  each  of  such  cases ; 
which  at  first  might  appear  diflBcult,  since  it  is  obviously  impossible  to 
count  with  the  eye  the  passages  of  a  sounding  string  backwards  and 
forwards.  But  Mersenne  rightly  assumed,  that  the  number  of  vibra- 
tions is  the  same  so  long  as  the  tone  is  the  same,  and  that  the  ratios 
of  the  numbers  of  vibrations  of  different  strings  may  be  detennined 
from  the  numerical  relations  of  their  notes.  lie  had,  therefore,  only 
io  determine  the  number  of  vibrations  of  one  certain  string,  or  one 
known  note,  to  know  those  of  all  others,  lie  took  a  musical  string  of 
three-quarters  of  a  foot  long,  stretched  with  a  weight  of  six  pounds  and 
five  eighths,  which  he  found  gave  him  by  its  vibrations  a  certain  stand- 
ard note  in  his  organ :  he  found  that  a  string  of  the  same  material 
and  tension,  fifteen  feet,  that  is,  twenty  times  as  long,  made  ten  recur 
rencea  in  a  second;  and  he  inferred  that  the  number  of  vibrations 
of  the  shorter  string  must  also  be  twenty  times  as  great ;  and  thus 
such  a  string  must  make  in  one  second  of  time  two  hundred  vibra- 
tions. 

This  determination  of  Mersenne  does  not  appear  to  have  attracted 
due  notice ;  but  some  time  afterwards  attempts  were  made  to  ascer- 
tain the  connexion  between  the  sound  and  its  elementary  pulsations  in 
a  more  direct  manner.  Ilookc,  in  1G81,  produced  sounds  by  the  strik- 
ing of  the  teeth  of  brass  wheels,*  and  Stancari,  in  1706,  by  whirling 
round  a  large  wheel  in  air,  showed,  before  the  Academy  of  Bologna, 
how  the  number  of  vibrations  in  a  given  note  might  be  known.  Sau- 
veur,  who,  though  deaf  for  the  first  seven  years  of  his  life,  was  one  of 
the  greatest  promoters  of  the  science  of  sound,  and  gave  it  its  name 
of  Acoustics^  endeavored  also,  about  the  same  time,  to  determine  the 
number  of  vibrations  of  a  standard  note,  or,  as  he  called  it,  Fixed 
Sound,  lie  employed  two  methods,  both  ingenious  and  both  indi- 
rect. The  first  was  the  method  of  heats.  Two  organ-pipes^  which 
form  a  discord,  are  often  heard  to  produce  a  kind  of  howl,  or  \mvy 
noise,  the  sound  swelling  and  declining  at  small  intervals  of  time.  This 
was  readily  and  rightly  ascribed  to  the  coincidences  of  the  pulsations 
of  sound  of  the  two  notes  after  certain  cycles.  Thus,  if  the  number 
of  vibrations  of  the  notes  were  as  fifteen  to  sixteen  in  the  same  time, 
every  fifteenth  vibration  of  the  one  would  coincide  with  every  six- 

*  Life,  p.  xxiii. 
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teenth  vibration  of  the  other,  while  all  the  intcnnediate  vibrations  of 
the  two  tones  would,  in  various  degrees,  disagree  with  each  other ; 
and  thus  every  such  cycle,  of  fifteen  and  sixteen  vibrations,  might  be 
heard  as  a  separate  beat  of  sound.  Now,  Sauveur  wished  to  take  a 
case  in  which  these  beats  were  so  slow  as  to  be  counted,*  and  in  which 
the  ratio  of  the  vibrations  of  the  notes  was  known  from  a  knowledge 
of  their  musical  relations.  Thus  if  the  two  notes  form  an  interval  of 
a  semitone,  their  ratio  will  be  that  above  supposed,  fifteen  to  sixteen  ; 
and  if  the  beats  be  found  to  be  six  in  a  second,  we  know  that,  in  that 
time,  the  graver  note  makes  ninety  and  the  acuter  ninety-six  vibra- 
tions. In  this  manner  Sauveur  found  that  an  open  organ-pipe,  five 
feet  long,  gave  one  hundred  vibrations  in  a  second. 

Sauveur's  other  method  is  more  recondite,  and  approaches  to  a 
mechanical  view  of  the  question.'  He  proceeded  on  this  basis ;  a 
string,  horizontally  stretched,  cannot  be  drawn  into  a  mathematical 
straight  line,  but  always  hangs  in  a  very  flat  curve,  oi  festoon.  Hence 
Sauveur  assumed  that  its  transverse  vibrations  may  be  conceived  to  be 
identical  with  the  lateral  swingings  of  such  a  festoon.  Observing  that 
the  string  C,  in  the  middle  of  a  harpsichord,  hangs  in  such  a  festoon 
to  the  amount  of  l-323rd  of  an  inch,  he  calculates,  by  the  laws  of 
pendulums,  the  time  of  oscillation,  and  finds  it  1-1 2 2nd  of  a  second. 
Thus  this  C,  \i\^  fixed  note,  makes  one  hundred  and  twenty-two  vibra- 
tions in  a  second.  It  is  curious  that  this  process,  seemingly  so  arbi- 
trary, is  capable  of  being  justified  on  mechanical  principles ;  though 
we  can  hardly  give  the  author  credit  for  the  views  which  this 
justification  implies.  It  is,  therefore,  easy  to  understand  that  it 
agreed  with  other  experiments,  in  the  laws  which  it  gave  for  the 
<iependence  of  the  tone  on  the  length  and  t<insion. 

The  problem  of  satisfactorily  explaining  this  dependence,  on  mecha- 
nical principles,  naturally  pressed  upon  the  attention  of  mathemati- 
•cians  when  the  law  of  the  phenomena  was  thus  completely  determined 
by  Mcjfsenne  and  Sauveur.  It  was  desirable  to  show  that  both  the 
circumstances  and  the  measure  of  the  phenomena  were  such  as  known 
mechanical  causes  and  laws  would  explain.  But  this  problem,  as 
might  be  expected,  was  not  attacked  till  mechanical  principles,  and 
the  modes  of  applying  them,  had  become  tolerably  familiar. 

As  the  vibrations  of  a  string  are  produced  by  its  tension,  it  appeared 
to  be  necessary,  in  the  first  place,  to  determine  the  law  of  the  tension 
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which  18  called  into  action  by  the  motion  of  the  string ;  for  it  is  mani- 
fest that,  when  the  string  is  drawn  aside  from  the  straight  line  into 
which  it  is  stretched,  there  arises  an  additional  tension,  which  aids  in 
drawing  it  back  to  the  straight  line  as  soon  as  it  is  let  go.  Hooke 
(On  Spring^  1678)  determined  the  la^^  of  this  additional  tension, 
which  he  expressed  in  his  noted  formula,  "Ut  tensio  sic  vis,"  the 
Force  is  as  the  Tension ;  or  rather,  to  express  his  meaning  more 
clearly,  the  Force  of  tension  is  as  the  Extension,  or,  in  a  string,  as  the 
increase  of  length.  But,  in  reality,  this  principle,  which  is  important 
in  many  acoustical  problems,  is,  in  the  one  now  before  us,  unimport- 
ant; the  force  which  urges  the  string  towards  the  straight  line, 
depends,  with  such  small  extensions  as  we  have  now  to  consider, 
not  on  the  extension,  but  on  the  curvature ;  and  the  power  of 
treating  the  mathematical  diflBculty  of  curvature,  and  its  mechanical 
consequences,  was  what  was  requisite  for  the  solution  of  this  pro- 
blem. 

The  problem,  in  its  nroper  aspect,  was  first  attacked  and  mastered 
by  Brook  Taylor,  an  English  mathematician  of  the  school  of  Newton, 
by  whom  the  solution  was  published  in  1715,  in  his  Methodus  lucre 
mentorum.  Taylor  s  solution  was  indeed  imperfect,  for  it  only  pointed 
out  a  form  and  a  mode  of  vibration,  with  which  the  string  mifjht  move 
consistently  with  the  laws  of  mechanics ;  not  the  mode  in  which  it 
must  move,  supposing  its  form  to  be  any  whatever.  It  showed  thai 
the  cur\e  might  be  of  the  nature  of  that  which  is  called  the  compauion 
to  tJu  cycloid  ;  and,  on  the  supposition  of  the  curve  of  the  string  being 
of  this  fonn,  the  calculation  confirmed  the  previously  established  laws 
by  which  the  tone,  or  the  time  of  vibration,  had  been  discovered  to 
depend  on  the  length,  tension,  and  bulk  of  the  string.  The  mathe 
matical  incompleteness  of  Taylor's  reasoning  must  not  prevent  us  from 
looking  upon  his  solution  of  the  problem  as  the  most  important  step 
in  the  progress  of  this  part  of  the  subject :  for  the  difficulty  of  apply- 
ing mechanical  principles  to  the  question  being  once  overcome,  the 
extension  and  correction  of  the  application  was  sure  to  be  undertaken 
by  succeeding  mathematicians;  and,  accordingly,  this  soon  happened. 
We  may  add,  moreover,  that  the  subsequent  and  more  general  solu- 
tions require  to  be  considered  with  reference  to  Taylor's,  in  order  to 
apprehend  distinctly  their  import ;  and  further,  that  it  was  almost 
evident  to  a  mathematician,  even  before  the  general  solution  had  ap- 
peared, that  the  dependence  of  the  time  of  vibration  on  the  length 
and  tension,  would  be  the  same  in  the  general  case  as  in  the  Taylo- 
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rian  curve ;  so  that^  for  the  ends  of  physical  philosophy,  the  solutior 
was  not  very  incomplete. 

John  Bernoulli,  a  few  years  afterwards,^  solved  the  problem  of 
vibrating  chords  on  nearly  the  same  principles  and  suppositions  as 
Taylor ;  but  a  little  later  (in  1747),  the  next  generation  of  great  ma- 
thematicians, D'Alembert,  Euler,  and  Daniel  Bernoulli,  applied  the 
increased  powers  of  analysis  to  give  generality  to  the  mode  of  treating 
this  question ;  and  especially  the  calculus  of  partial  differentials,  in- 
vented for  this  purpose.  But  at  this  epoch,  the  discussion,  so  far  as  it 
bore  on  physics,  belonged  rather  to  the  history  of  another  problem, 
which  comes  under  our  notice-  hereafter,  that  of  the  composition  of 
vibrations ;  we  shall,  therefore,  defer  the  further  history  of  the  pro- 
blem of  vibrating  strings,  till  we  have  to  consider  it  in  connexion  with 
new  experimental  facts. 


CHAPTER  III. 
Problem  of  the  Propagation  of  Sound. 

¥E  have  seen  that  the  ancient  philosophers,  for  the  most  part,  held 
that  sound  was  transmitted,  as  well  as  producod,  by  some 
motion  of  the  air,  without  defining  what  kind  of  motion,  this  was ; 
that  some  writers,  however,  applied  to  it  a  very  happy  similitude,  the 
expansive  motion  of  the  circular  waves  produced  by  throwing  a  stone 
into  still  water ;  but  that  notwithstanding,  some  rejected  this  mode 
of  conception,  as,  for  instance.  Bacon,  who  ascribed  the  transmission 
of  sound  to  certain  "  spiritual  species." 

Though  it  was  an  obvious  thought  to  ascribe  the  motion  of  sound* 
to  some  motion  of  air ;  to  conceive  what  kind  of  motion  could  and 
did  produce  this  effect,  must  have  been  a  matter  of  grave  perplexity 
at  the  time  of  which  we  are  speaking ;  and  is  far  from  easy  to  most 
persons  even  now.  We  may  judge  of  the  difficulty  of  forming  this 
conception,  when  we  recollect  that  John  Bernoulli  the  younger* 
declared,  that  he  could  not  understand  Newton's  proposition  on  this 
subject.  The  difficulty  consists  in  this ;  that  the  movement  of  the 
parts  of  air,  in  which  sound  consists,  travels  along,  but  that  the  parts 
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of  air  themselves  do  Dot  so  travel.  AccordiDgly  Otto  Guericke,'  the 
inrentor  of  the  air-pump,  asks,  "  How  can  sound  be  conveyed  by  the 
motion  of  the  air  ?  when  we  find  that  it  is  better  conveyed  through 
lir  that  is  still,  than  when  there  is  a  wind."  We  may  observe,  how- 
ever, that  he  was  partly  misled  by  finding,  as  he  thought,  that  a  bell 
could  be  heard  in  the  vacuum  of  his  air-pump ;  a  result  which  arose, 
probably,  from  some  imperfection  in  his  apparatus. 

Attempts  were  made  to  determine,  by  experiment,  the  circum- 
stances of  the  motion  of  sound  ;  and  especially  its  velocity.  Gassendi* 
was  one  of  the  first  who  did  this.  He  employed  fire-arms  for  the 
purpose,  and  thus  found  the  velocity  to  be  1473  Paris  feet  in  a 
second.  Roberval  found  a  velocity  so  small  (560  feet)  that  it  threw 
uncertainty  upon  the  rest,  and  affected  Newton's  reasonings  subse- 
quently.* Cassini,  Huyghens,  Picard,  Rom  or,  found  a  velocity  of 
1172  Paris  feet,  which  is  more  accurate  than  the  former.  Gassendi  ' 
had  been  surprised  to  find  that  the  velocity  with  which  sounds  travel, 
is  the  same  whether  they  are  loud  or  gentle. 

The  explanation  of  this  constant  velocity  of  sound,  and  of  its  amount, 
was  one  of  the  problems  of  which  a  solution  was  given  in  the  Great 
Charter  of  modern  science,  Newton's  Princijna  (1G87).  There,  for 
the  first  time,  were  explained  the  real  nature  of  the  motions  and  mutual 
action  of  the  parts  of  the  air  through  which  sound  is  transmitted.  It 
was  shown'  that  a  body  vibrating  in  an  elastic  medium,  will  propagate 
puhe^  through  the  medium  ;  that  is,  the  parts  of  the  medium  will  move 
forwards  and  backwards,  and  this  motion  will  affect  successively  those 
parts  which  are  at  a  greater  and  greater  distance  from  the  origin  of 
motion.  The  parts,  in  going  forwards,  produce  condensation;  in 
returning  to  their  first  places,  they  allow  extension ;  and  the  play  of 
the  elasticities  developed  by  these  expansions  and  contractions,  supplies 
.  the  forces  which  continue  to  propagate  the  motion. 

The  idea  of  such  a  motion  as  this,  is,  as  we  have  said,  far  from  easy 
to  apprehend  distinctly :  but  a  distinct  apprehension  of  it  is  a  step 
essential  to  the  physical  part  of  the  sciences  now  under  noftce ;  for  it 
is  by  means  of  such  pulses^  or  undulatiom^  that  not  only  sound,  but 
light,  and  probably  heat,  arc  propagated.  We  constantly  meet  with 
evidence  of  the  difficulty  which  men  have  in  conceiving  this  undulatory 
motion,  and  in  separating  it  from  a  local  motion  of  the  medium  as  a 
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mass.  For  instance,  it  is  not  easy  at  first  ^  conceive  the  waters  of  a 
great  river  flowing  constantly  dovm  towards  the  sea,  while  waves  are 
rolling  up  the  very  same  part  of  the  stream ;  and  while  the  great  ele- 
vation, which  makes  the  tide,  is  travelling  from  the  sea  perhaps  with 
a  velocity  of  fifty  miles  an  hour.  The  motion  of  snch  a  wave,  or  eleva- 
tion, is  distinct  from  any  stream,  and  is  of  the  nature  of  undulations  in 
general.  The  parts  of  the  fluid  stir  for  a  short  time  and  for  a  small 
distance,  so  as  to  accumulate  themselves  on  a  neighboring  part,  and 
then  retire  to  their  former  place ;  and  this  movement  affects  the  parts 
in  the  order  of  their  places.  Perhaps  if  the  reader  looks  at  a  field  of 
standing  corn  when  gusts  of  wind  are  sweeping  over  it  in  visible  waves, 
he  will  have  his  conception  of  this  matter  aided ;  for  he  will  sec  that 
here,  where  each  ear  of  grain  is  anchored  by  its  stalk,  there  can  bo  no 
permanent  local  motion  of  the  substance,  but  only  a  successive  stooping 
and  rising  of  the  separate  straws,  producing  hollows  and  waves,  closer 
and  laxer  strips  of  the  crowded  ears. 

Newton  had,  moreover,  to  consider  the  mechanical  consequences 
which  such  condensations  and  rarefactions  of  the  elastic  medium,  air, 
would  produce  in  the  parts  of  the  fluid  itself.  Employing  known  laws 
of  the  elasticity  of  air,  he  showed,  in  a  very  remarkable  proposition,* 
the  law  according  to  which  the  particles  of  air  might  vibrate.  We 
may  observe,  that  in  this  solution,  as  in  that  of  the  vibrating  string 
already  mentioned,  a  rule  was  exhibited  according  to  which  tlie  parti- 
cles mifjfht  oscillate,  but  not  the  law  to  which  they  must  conform.  It 
was  proved  that,  by  taking  the  motion  of  each  particle  to  be  perfectly 
similar  to  that  of  a  pendulum,  the  forces,  developed  by  contraction  and 
expansion,  were  precisely  such  as  the  motion  required ;  but  it  was  not 
shown  that  no  other  type  of  oscillation  would  give  rise  to  the  same 
accordance  of  force  and  motion.  Newton's  reasoning  also  gave,  a 
determination  of  the  speed  of  propagation  of  the  pulses :  it  appeared  • 
that  sound  ought  to  travel  with  the  velocity  which  a  body  would 
acquire  by  falling  freely  through  half  the  height  of  a  honior/eneous 
atmosphem  ;  "the  height  of  a  homogeneous  atmosphere"  being  the 
height  which  the  air  must  have,  in  order  to  produce,  at  the  earth's 
surface,  the  actual  atmospheric  pressure,  supposing  no  diminution  of 
density  to  take  place  in  ascending.  This  height  is  about  29,000  feet ; 
and  hence  it  followed  that  the  velocity  was  968  feet.  Tliis  velocity  is 
really  considerably  less  than  that  of  sound ;  but  at  the  time  of  which 
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we  speak,  no  accurate  measure  had  been  established;  and  Newton 
persoaded  himself,  by  experiments  made  in  the  cloister  of  Trinity  Col- 
1^  his  residence,  that  his  calculation  was  not  far  from  the  fact 
When,  afterwards,  more  exact  experiments  showed  the  velocity  to  be 
1142  English  feet,  Newton  attempted  to  explain  the  difference  by 
Tarions  considerations,  none  of  which  were  adequate  to  the  purpose ; 
— as,  the  dimensions  of  the  solid  particles  of  which  the  fluid  air  con- 
sists ;— or  the  vapors  which  are  mixed  with  it  Other  writers  offered 
other  so^estions ;  but  the  true  solution  t)f  the  diflBculty  was  reserved 
for  a  period  considerably  subsequent. 

Newton's  calculation  of  the  motion  of  sound,  though  logically  in- 
complete, was  the  great  step  in  the  solution  of  the  probleni ;  for  ma- 
thematicians could  not  but  presume  that  his  rtJsult  was  not  restricted 
to  the  hypothesis  on  which  he  had  obtained  it;  and  the  extension  of 
the  solution  required  only  mere  ordinary  talents.  The  logical  defect 
of  his  solution  was  assailed,  as  might  have  been  expected.  Cranmer 
(professor  at  Geneva),  in  1741,  conceived  that  he  was  destroying  the 
conclusiveness  of  Newton's  reasoning,  by  showing  that  it  applied 
equally  to  other  modes  of  oscillation.  This,  indeed,  contradicted  the 
enunciation  of  the  48th  Prop,  of  the  Second  Book  of  the  Principia  ; 
bat  it  confirmed  and  extended  all  the  general  results  of  the  demon- 
stration; for  it  left  even  the  velocity  of  sound  unaltered,  and  thus 
showed  that  the  velocity  did  not  depend  mechanically  on  the  type  of 
the  oscillation.  But  the  satisfactory  establishment  of  this  physical 
generalization  was  to  be  supplied  from  the  vast  generalizations  of  ana- 
lysis, which  mathematicians  were  now  becoming  able  to  deal  with. 
Accordingly  this  task  was  performed  by  the  great  master  of  analytical 
generalization,  Lagrange,  in  iToO,  when,  at  the  age  of  twenty-three, 
he^and  two  friends  published  the  first  volume  of  the  Turin  Memoirs. 
Euler,  as  his. manner  wa**,  at  once  perceived  the  merit  of  the  new 
solution,  and  pursued  the  subject  on  the  views  thus  suggested.  Various 
analytical  improvements  and  extensions  were  introduced  into  the  solu 
tion  by  the  two  great  mathematicians ;  but  none  of  these  at  all  altered 
the  formula  by  which  the  velocity  of  sound  was  expressed ;  and  the 
discrepancy  between  calculation  and  observation,  about  one-sixth  of 
the  whole,  which  had  perplexed  Newton,  remained  still  unaccounted  for. 

The  merit  of  satisfactorily  explaining  this  discrepancy  belongs  to 
Laplace.     He  was  the  first  to  remark'  that  the  common  law  of  the 
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changes  of  elasticity  in  the  air,  as  dependent  on  its  compression,  cannot 
be  applied  to  those  rapid  vibrations  in  which  sound  consists,  since  the 
sadden  compression  produces  a  degree  of  heat  which  additionally  in- 
creases the  elasticity.  The  ratio  of  this  increase  depended  on  the 
experiments  by  which  the  relation  of  heat  and  air  is  establisbed 
Laplace,  in  1816,  published'  the  theorem  on  which  the  correction 
depends.  On  applying  it,  the  calculated  velocity  of  sound  agreed 
very  closely  with  the  best  antecedent  experiments,  and  was  confirmed 
by  more  exact  ones  instituted  for  that  purpose. 

This  step  completes  the  solution  of  the  problem  of  the  propagation 
of  sound,  as  a  mathematical  induction,  obtained  from,  and  verified  by, 
facts.  Most  of  the  discussions  concerning  points  of  analysis  to  which 
the  investigations  on  this  subject  gave  rise,  as,  for  instance,  the  admis- 
sibility of  discontinuous  functions  into  the  solutions  of  partial  differ- 
ential equations,  belong  to  the  history  of  pure  mathematics.  Those 
which  really  concern  the  physical  theory  of  sound  may  be  referred  to 
the  problem  of  the  motion  of  air  in  tubes,  to  which  we  shall  soon 
have  to  proceed ;  but  we  must  first  speak  of  another  form  which  the 
problem  of  vibrating  strings  assumed. 

It  deserves  to  be  noticed  that  the  ultimate  result  of  the  study  of  the 
undulations  of  fluids  seems  to  show  that  the  comparison  of  the  motion 
of  air  in  the  diffusion  of  sound  with  the  motion  of  circular  waves 
from  a  centre  in  water,  which  is  mentioned  at  the  beginning  of  this 
chapter,  though  pertinent  in  a  certain  way,  is  not  exact  It  appears 
by  Mr.  Scott's  recent  investigations  concerning  waves,"  that  the  circu- 
lar waves  are  oscillating  waves  of  the  Second  order,  and  are  gregarious. 
The  sound-wave  aeems  rather  to  resemble  the  great  solitary  Wave  of 
Translation  of  the  First  order,  of  which  we  have  already  spoken  in 
Book  vi.  chapter  vi. 


CHAPTER  IV. 
Problem  of  different  Sounds  of  the  same  String. 

IT  had  been  observed  at  an  early  period  of  acoustical  knowledge, 
that  one  string  might  give  several  sounds.     Mersenne  and  others 
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had  noticed^  that  when  a  string  vibrates,  one  which  is  in  unison  witb 
it  vibrates  without  being  touched.  He  was  also  aware  that  this  was 
tree  if  the  second  string  was  an  octave  or  a  twelfth  below  the  first. 
This  was  observed  as  a  new  fact  in  England  in  1674,  and  communi- 
cated to  the  Royal  Society  by  Wallis.'  But  the  later  observers  as- 
certained further,  that  the  longer  string  divides  itself  into  two,  or  into 
three  equal  parts,  separated  by  nodes^  or  points  of  rest;  this  they 
proved  by  hanging  bits  of  paper  on  different  parts  of  the  string.  The 
discovery  so  modified  was  again  made  by  Sauveur*  about  1700.  The 
wands  thus  produced  in  one  string  by  the  vibration  of  another,  have 
been  termed  Sympathetic  Sounds.  Similar  sounds  arc  often  pro- 
duced by  performers  on  stringed  instruments,  by  touching  the  string 
at  one  of  its  aliquot  divisions,  and  arc  then  called  the  Acute  Harmo- 
nk$.  Such  fects  were  not  diflBcult  to  explain  on  Taylor's  view  of  the 
mechanical  condition  of  the  string ;  but  the  diflBculty  was  increased 
when  it  was  noticed  that  a  sounding  body  could  produce  these  differ- 
ent notes  at  the  same  time,  Mcrsenne  had  remarked  this,  and  the  fj^ct 
was  more  distinctly  observed  and  pursued  by  Sauveur.  The  notes 
thus  produced  in  addition  to  the  genuine  note  of  the  string,  have  been 
called  Secondary  Notes  ;  those  usually  heard  are,  the  Octave,  the 
Twelfth,  and  the  Seventeenth  above  the  note  itself.  To  supply  a  mode 
of  conceiving  distinctly,  and  explaining  mechanically,  vibrations  which 
should  allow  of  such  an  effect,  was  therefore  a  requisite  step  in 
acoustics. 

This  task  was  performed  by  Daniel  Bernoulli  in  a  memoir  pub- 
lished in  1755.*  He  there  stated  and  proved  the  Principle  of  the  co- 
existence of  small  vibrations.  It  was  already  established,  that  a  string 
might  vibrate  either  in  a  single  sioelUng  (if  wc  use  this  word  to  ex- 
press the  curve  between  two  nodes  which  Bernoulli  calls  a  ventre)^  or 
in  two  or  three  or  any  number  of  equal  swellings  with  immoveable 
nodes  between.  Daniel  Bernoulli  showed  further,  that  these  nodes 
might  be  combined,  each  taking  place  as  if  it  were  the  only  one. 
Tliis  appears  sufficient  to  explain  the  coexistence  of  the  harmonic 
sounds  just  noticed.  D'Alembert,  indeed,  in  the  article  Fundamental 
in  the  French  Encyclopedic^  and  Lagrange  in  his  Dissertation  on 
Sound  in  the  Turin  Memoirs,"  offer  several  objections  to  this  explana- 
tion ;  and  it  cannot  be  denied  that  the  subject  has  its  difficulties  ;  bul 


'  Harm,  lib.  iv.  Prop.  28  (1636).      «  Ph.  Tr,  1677,  April.      •  A  P.  1701. 
*  Berlin  AfeirL  1753,  p.  147.  *  T.  I  pp.  64,  103. 
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still  these  do  not  deprive  Bernoulli  of  the  merit  of  having  pointed 
out  the  principle  of  Coexistent  Vibrations,  or  divest  that  principle  of 
its  value  in  physical  science. 

Daniel  Bernoulli's  Memoir,  of  which  we  speak,  was  published  at  a 
period  when  the  clouds  which  involve  the  general  analytical  treatment 
of  the  problem  of  vibrating  strings,  were  thickening  about  Euler  and 
D' Alembert,  and  darkening  into  a  controversial  hue ;  and.  as  BemooUi 
ventured  to  interpose  his  view,  as  a  solution  of  these  difficulties,  which, 
in  a  mathematical  sense,  it  is  not,  we  can  hardly  be  surprised  that  he 
met  with  a  rebuff.  The  further  prosecution  of  the  different  modes  of 
vibration  of  the  same  body  need  not  be  here  considered. 

The  sounds  which  are  called  Grave  Harmonics^  have  no  analogy 
with  the  Acute  Harmonics  above-mentioned ;  nor  do  they  belong  to 
this  section  ;  for  in  the  case  of  Grave  Harmonics,  we  have  one  sound 
from  the  co-operation  of  two  strings,  instead  of  several  sounds  from 
one  string.  These  harmonics  are,  in  fact,  connected  with  beats,  of 
which  we  have  already  spoken ;  the  beats  becoming  so  close  as  to  pro- 
duce a  note  of  definite  musical  quality.  The  discovery  of  the  Grave 
Harmonics  is  usually  ascribed  to  Tartini,  who  mentions  them  in  1764 ; 
but  they  are  first  noticed*  in  the  work  of  Sorge  On  tuning  Organs^ 
1744,  He  there  expresses  this  discovery  in  a  query.  "Whence 
comes  it,  that  if  we  tune  a  fifth  (2  :  3),  a  third  sound  is  faintly  heard, 
the  octave  below  the  lower  of  the*  two  notes  ?  Nature  shows  that 
with  2  :  3,  she  still  requires  the  unity,  to  perfect  the  order  1,  2,  3." 
The  truth  is,  that  these  numbers  express  the  frequency  of  the  vibra- 
tions, and  thus  there  will  be  coincidences  of  the  notes  2  and  3,  which 
are  of  the  frequency  1,  and  consequently  give  the  octave  below  the: 
sound  2.  This  is  the  explanation  given  by  Lagrange,^  and  is  indeed 
obvious. 


CHAPTER  V. 
Problem  op  the  Sounds  of  Pipes. 

IT  was  taken  for  granted  by  those  who  reasoned  on  sounds,  that  the 
sounds  of  flutes,  organ-pipes,  and  wind-instruments  in  general,  con- 


•  Chladni.  Acoutt  p.  254.  »  Mem.  7ur.  i.  p.  104. 


PBOBLEM  OP  THE  SOUNDS  OF  PIPES.  39 

I  in  vibrations  of  some  kind  ;  but  to  determine  tbe  nature  and  laws 
of  these  vibrations,  and  to  reconcile  them  with  mechanical  principles, 
w»  far  from  easy.  The  leading  facte  which  had  been  noticed  were, 
that  the  note  of  a  pipe  was  proportional  to  ite  length,  and  that  a  flute 
and  similar  instruments  might  be  made  to  produce  some  of  the  acute 
iuurmonics,  as  well  as  the  genuine  note.  It  had  further  been  noticed,* 
that  pipes  closed  at  the  end,  instead  of  giving  the  series  of  harmonics  i, 
it  h  h  ^^-n  would  give  only  those  notes  which  answer  to  the  odd 
nmnbers  i,  ^,  a,  &c.  In  this  problem  also,  Newton'  made  the  first 
step  to  the  solution.  At  the  end  of  the  propositions  respecting  the 
?eloci^  of  sound,  of  which  we  have  spoken,  he  noticed  that  it  appeared 
by  taking  Mersenne's  or  Sauveur's  determination  of  the  number  of 
vibrations  corresponding  to  a  given  note,  that  the  pulse  of  air  runs 
over  twice  the  length  of  the  pipe  in  the  time  of  each  vibration.  He 
does  not  follow  out  this  observation,  but  it  obviously  pointe  to  the 
theory,  that  the  sound  of  a  pipe  consiste  of  pulses  which  travel  back 
and  forwards  along  ite  length,  and  are  kept  in  motion  by  the  breath  of 
the  player.  This  supposition  would  account  for  the  observed  dcpcnd- 
euce  of  the  note  on  the  length  of  the  pipe.  The  subject  does  not 
appear  to  have  been  again  taken  up  in  a  theoretical  way  till  about 
1760;  when  Lagrange  in  the  second  volume  of  the  Turin  Memoirs^ 
and  D.  Bernoulli  in  the  Memoirs  of  the  French  Academy  for  1*762, 
published  important  essays,  in  which  some  of  the  leading  facte  were 
satisfactorily  explained,  and  which  may  therefore  be  considered  as  the 
principal  solutions  of  the  problem. 

In  these  solutions  there  was  necessarily  something  hypothetical.  In 
the  case  of  vibrating  strings,  as  we  have  seen,  the  Form  of  the  vibrating 
curve  was  guessed  at  only,  but  the  existence  and  position  of  the  Nodes 
could  be  rendered  visible  to  the  eye.  In  the  vibrations  of  air,  we  can- 
not sec  cither  the  places  of  nodes,  or  the  mode  of  vibration  ;  but  several 
of  the  resulte  are  independent  of  these  circumstances.  Thus  both  of 
the  solutions  explain  the  fact^  that  a  tube  closed  at  one  end  is  in  unison 
with  an  open  tube  of  double  the  length ;  and,  by  supposing  nodes  to 
«x^cur,  they  account  for  the  existence  of  the  odd  series  of  harmonics 
alone,  i,  3,  5,  in  closed  tubes,  while  the  whole  series,  i,  2,  3,  4,  5,  <kc., 
occurs  in  open  ones.  Both  views  of  the  nature  of  the  vibration  appear 
to  be  nearly  the  same ;  though  Lagrange's  is  expressed  with  an  analy- 
tical generality  which  renders  it  obscure,  and  Bernoulli  has  perhaps 


D.  Bernoulli,  Berlin.  Mem.  1753,  p.  150.  ^  Frineip.  Scliol  Prop.  60. 
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laid  down  an  hypothesis  more  special  than  was  necessary.  Lagrange' 
considers  the  vibration  of  open  flutes  as  "the  oscillations  of  a  fibre  of 
air,"  under  the  condition  that  its  elasticity  at  the  two  ends  is,  during 
the  whole  oscillation,  the  same  as  that  of  the  surrounding  atmosphere. 
Bernoulli  supposes*  the  whole  inertia  of  the  air  in  the  flute  to  be  col- 
lected into  one  particle,  and  this  to  bo  moved  by  the  whole  elasticity 
arising  from  this  displacement.  It  may  be  observed  that  both  these 
modes  of  treating  the  matter  come  very  near  to  ^hat  we  have  stated 
as  Newton's  theory ;  for  though  Bernoulli  supposes  all  the  air  in  the 
flute  to  be  moved  at  once,  and  not  successively,  as  by  Newton's  pulse, 
in  either  case  the  whole  elasticity  moves  the  whole  air  in  the  tube,  and 
requires  more  time  to  do  this  according  to  its  quantity.  Since  that 
time,  the  subject  has  received  further  mathematical  developement  from 
Euler,*  Lambert,*  and  Poisson  ;^  but  no  new  explanation  of  facts  has 
arisen.  Attempts  have  however  been  made  to  ascertain  experimentally 
the  places  of  the  nodes.  Bernoulli  himself  had  shown  that  this  place 
was  affected  by  the  amount  of  the  opening,  and  Lambert"  had  examined 
other  cases  with  the  same  view,  Savart  traced  the  node  in  various 
musical  pipes  under  diffbrent  conditions ;  and  very  recently  Mr.  Hop- 
kins, of  Cambridge,  has  pursued  the  same  experimental  inquiry,*  It 
appears  from  these  researches,  that  the  early  assumptions  of  mathema- 
ticians with  regard  to  the  position  of  the  nodes,  are  not  exactly  verified 
by  the  facts.  When  the  air  in  a  pipe  is  made  to  vibrate  so  as  to  have 
fieveral  nodes  which  divide  it  into  equal  parts,  it  had  been  supposed  by 
acoustical  writers  that  the  part  adjacent  to  the  open  end  was  half  of 
the  other  parts ;  the  outermost  node,  however,  is  found  experimentally 
to  be  displaced  from  the  position  thus  assigned  to  it,  by  a  quantity 
depending  on  several  collateral  circumstances. 

Since  our  purpose  was  to  consider  this  problem  only  so  far  as  it  has 
tended  towards  its  mathematical  solution,  we  have  avoided  saying 
anything  of  the  dependence  of  the  mode  of  vibration  on  the  cause  by 
which  the  sound  is  produced ;  and  consequently,  the  researches  on 
the  effects  of  reeds,  embouchures,  and  the  like,  by  Chladni,  Savart, 
Willis,  and  others,  do  not  belong  to  our  subject.  It  is  easily  seen 
that  the  complex  effect  of  the  elasticity  and  other  properties  of  the 
reed  and  of  the  air  together,  is  a  problem  of  which  w^e  can  hardly 


■  Mem.  Turin,  vol  ii  p.  164.  *  Mem,  Berlin,  1758,  p.  446. 

•  Nov.  Act.  Peirop.  torn,  xvi  •  Acad.  Berlin,  1*775. 
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hope  to  give  a  complete  solution  till  our  knowledge  has  advanced 
ranch  beyond  its  present  condition. 

Indeed,  in  the  science  of  Acoustics  there  is  a  vast  body  of  facts  to 
which  we  might  apply  what  has  just  been  said ;  but  for  the  sake  of 
pointing  out  some  of  them,  we  shall  consider  them  as  the  subjects  of 
one  extensive  and  yet  unsolved  problem. 


CHAPTER  VI. 

Problem  of  Different  Modes  of  Vibration  of 
Bodies  in  general. 

NOT  only  the  objects  of  which  we  have  spoken  hitherto,  strings  and 
pipes,  but  almost  all  bodies  are  capable  of  vibration.  Bells,  gongs, 
Uming-forks,  are  examples  of  solid  bodies;  drums  and  tambourines,  of 
membranes ;  if  we  run  a  wet  finger  along  the  edge  of  a  glass  goblet, 
wc  throw  the  fluid  which  it  contains  into  a  regular  vibration  ;  and  the 
various  character  which  sounds  possess  according  to  the  room  in  which 
they  are  uttered,  shows  that  large  masses  of  air  have  peculiar  modes 
of  vibration.  Vibrations  are  generally  accompanied  by  sound,  and 
they  may,  therefore,  be  considered  as  acoustical  phenomena,  especially 
as  the  sound  is  one  of  the  most  decisive  facts  in  indicating  the  mode 
of  vibration.  Moreover,  every  body  of  this  kind  can  vibrate  in  many 
different  ways,  the  vibrating  segments  being  divided  by  Nodal  Lines 
and  Surfaces  of  various  form  and  number.  The  mode  of  vibration, 
selected  by  the  body  in  each  case,  is  determined  by  the  way  in  which 
it  is  held,  the  way  in  which  it  is  set  in  vibration,  and  the  like  circum- 
stances. 

The  general  problem  of  such  vibrations  includes  the  discovery  and 
classification  of  the  phenomena ;  the  detection  of  their  formal  laws ; 
and,  finally,  the  explanation  of  these  on  mechanical  principle^.  "VVc 
must  speak  very  briefly  of  what  has  been  clone  in  these  ways.  The 
facts  which  indicate  Nodal  Lines  had  been  remarked  by  Galileo, 
on  the  sounding  board  of  a  musical  instrument ;  and  ITooke  had 
proposed  to  obsen'c  the  vibrations  of  a  bell  by  strewing  flour  upon 
it  But  it  was  Chladni,  a  German  philosopher,  who  enriched  acous- 
tics with  tlie  discovery  of  the  vast  variety  of  symmetrical  figures  of 
Nodal  Lines,  which  are  exhibited  on  plates  of  regular  forms,  when 
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made  to  sound.  His  first  investigations  on  this  subject,  Entdeckun- 
gen  ilher  die  Theorie  des  Klangs,  were  published  1787;  and  in  1802 
and  1817  he  added  other  discoveries.  In  these  works  he  not  only 
related  a  vast  number  of  new  and  curious  facts,  but  in  some  measure 
reduced  some  of  them  to  order  and  law.  For  instance,  he  has 
traced  all  the  vibrations  of  square  plates  to  a  resemblance  with 
those  forms  of  ribration  in  which  Nodal  Lines  are  parallel  to  one 
side  of  the  square,  and  those  in  which  they  are  parallel  to  another 
side;  and  he  has  established  a  notation  for  the  modes  of  vibra- 
tion founded  on  this  classification.  Thus,  5-2  denotes  a  form  in 
which  there  are  five  nodal  lines  parallel  to  one  side,  and  two  to 
another ;  or  a  form  which  can  be  traced  to  a  disfigurement  of  such  a 
standard  type.  Savart  pursued  this  subject  still  further ;  and  traced^ 
by  actual  observation,  the  forms  of  the  Nodal  Surfaces  which  divide 
solid  bodies,  and  masses  of  air,  when  in  a  state  of  vibration. 

The  dependence  of  such  vibrations  upon  their  physical  cause, 
namely,  the  elasticity  of  the  substance,  we  can  conceive  in  a  general 
way ;  but  the  mathematical  theory  of  such  cases  is,  as  might  be 
supposed,  very  diflScult,  even  if  we  confine  ourselves  to  the  obvious 
question  of  the  mechanical  possibility  of  these  different  modes  of 
vibration,  and  leave  out  of  consideration  their  dependence  upon  the 
mode  of  excitation.  The  transverse  vibrations  of  elastic  rods,  plates, 
and  rings,  had  been  considered  by  Euler  in  1779  ;  but  his  calculation 
concerning  plates  had  foretold  only  a  small  part  of  the  curious  pheno- 
mena observed  by  Chladni  ;*  and  the  several  notes  which,  according 
to  his  calculation,  the  same  ring  ought  to  give,  were  not  in  agreement 
with  experiment.'  Indeed,  researches  of  this  kind,  as  conducted  by 
Euler,  and  other  authors,'  rather  were,  and  were  intended  for,  exam- 
ples of  analytical  skill,  than  explanations  of  physical  facts.  James 
Bernoulli,  after  the  publication  of  Chladni's  experiments  in  1787, 
attempted  to  solve  the  problem  for  plates,  by  treating  a  plate  as 
a  collection  of  fibres ;  but,  as  Chladni  observes,  the  justice  of  this 
mode  of  conception  is  disproved,  by  the  disagreement  of  its  results 
with  experiment. 

The  Institute  of.PVancc,  which  had  approved  of  Chladni's  labours, 
proposed,  in  1809,  the  problem  now  before  us  as  a  prize-question:* — 
"  To  give  the  nuithcmatical  theory  of  the  vibrations  of  elastic  sur 


» Piflcher,  vi.  587.  '  lb.  vl  696. 
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&ce&,  and  to  compare  it  with  experiment."     Only  one  memoir  was 
sent  in  as  a  candidate  for  the  prize;  and  this  was  not  crowned,  though 
honorable  mention  was  made  of  it.*     The  formula)  of  James  Bcr- 
Doolii  were,  according  to  M.  Poisson's  statement,  defective,  in  conse- 
quence of  his  not  taking  into  account  the  normal  force  which  acts  at 
the  exterior  boundary  of  the  plate."     The  author  of  tlie  anonymous 
memoir  corrected  this  error,  and  calculated  the  note  corresponding  to 
Tarioos  figures  of  the  nodal  lines ;  and  he  found  an  agreement  with 
experiment  sufficient  to  justify  his  theory.     He  had  not,  however, 
proved  his  fundamental  equation,  which  M.  Poisson  demonstrated  in 
a  Memoir,    read   in    1814.^     At  a  more  recent  period  also,  MM. 
Poisson  and  Cauchy  (as  well  as  a  lady.  Mile.  Sophie  Germain)  have 
applied  to  this  problem  the  artifices  of  the  most  improved  analysis. 
M.  Poisson'  determined  the  relation  of  the  notes  given  by  the  longi- 
tudinal and  the  transverse  vibrations  of  a  rod  ;  and  solved  the  problem 
of  vibrating  circular  plates  when  the  nodal  lines  arc  concentric  circles. 
In  both  these  cases,  the  numerical  agreement  of  his  results  with  expe- 
rience, seemed  to  confirm  the  justice  of  his  fundamental  views."     lie 
proceeds  upon  the  hypothesis,  tliat  clastic  bodies  are  composed  of 
separate  particles  held  together  by  the  attractive  forces  which  they 
exert  upon  each  other,  and  distended  by  the  repulsive  force  of  heat 
M.  Cauchy'®   has   also   calculated  the  transverse,  longitudinal,  and 
rotatory  vibrations  of  clastic  rods,  and  has  obtained  results  agreeing 
closely  with  experiment  through  a  considerable   list  of  comparisons. 
The  combined  authority  of  two  profound  analysts,  as  MM.  Poisson 
and  Cauchy  arc,  leads  us  to  believe  that,  for  the  simpler  cases  of  the 
vibrations  of  elastic  bodies,  Mathematics  has  executed  her  task ;  but 
most  of  the  more  complex  cases  remain  as  yet  unsubdued. 

The  two  brothers,  Ernest  and  William  Weber,  made  many  curious 
observations  on  undulations,  which  are  contained  in  their  ]Vcllcnlckre, 
(Doctrine  of  Waves,)  published  at  Leipsig  in  1825.  Tliey  w^ere  led 
to  suppose,  (as  Young  had  suggested  at  an  earlier  period,)  that 
Chladni's  figures  of  nodal  lines  in  plates  were  to  be  accounted  for  by 
the  superposition  of  undulations.'*  Mr.  W^heatstone*'*  has  undertaken 
to  account  for  Chladni's  figures  of  vibrating  square  plates  by  this 


*Poi3son'8  Mhn.  in  Ac.  Sc.  1812,  p.  169.      «  lb.  p.  220. 
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superposition  of  two  or  more  simple  and  obviously  allowable  modes 
of  nodal  division,  which  have  the  same  time  of  vibration.  He  assumes, 
for  this  purpose,  certain  "  primary  figures,"  containiug  only  parallel 
nodal  lines ;  and  by  combining  these,  first  in  twos,  and  then  in  fours, 
he  obtains  most  of  Chladni's  observed  figures,  and  accounts  for  their 
transitions  and  deviations  from  regularity. 

The  principle  of  the  superposition  of  vibrations  is  so  solidly  esta- 
blished as  a  mechanical  truth,  that  we  may  consider  an  acoustical 
problem  as  satisfactorily  disposed  of,  when  it  is  reduced  to  that  prin- 
ciple, as  well  as  when  it  is  solved  by  analytical  mechanics :  but  at  the 
same  time  we  may  recollect,  that  the  right  application  and  limitation 
of  this  law  involves  no  small  diflBculty ;  and  in  this  case,  as  in  all 
advances  in  physical  science,  we  cannot  but  wish  to  have  the  new 
ground  which  has  been  gained,  gone  over  by  some  other  person  in 
some  other  manner ;  and  thus  secured  to  us  as  a  permanent  posses- 
sion. 

Savarth  Laws, — In  what  has  preceded,  the  vibrations  of  bodies 
have  been  referred  to  certain  general  classes,  the  separation  of  which 
was  suggested  by  observation;  for  example,  the  transverse^  longi- 
tudinal^ and  rotatory^^*  vibrations  of  rods.  Tlie  transverse  vibrations, 
in  which  the  rod  goes  backwards  and  forwards  across  the  line  of  its 
length,  were  the  only  ones  noticed  by  the  earlier  acousticians :  the 
others  were  principally  brought  into  notice  by  Chladni.  As  we  have 
already  seen  in  the  preceding  pages,  this  classification  serves  to  express 
important  laws ;  as,  for  instance,  a  law  obtained  by  M.  Poisson  which 
gives  the  .relation  of  the  notes  produced  by  the  transverse  and  longi- 
tudinal vibrations  of  a  rod.  But  this  distinction  was  employed  by  M. 
Felix  Savart  to  express  laws  of  a  more  general  kind;  and  then,  as 
often  happens  in  the  progress  o£  science,  by  pursuing  these  laws  to  a 
higher  point  of  generality,  the  distinction  again  seemed  to  vanish.  A 
very  few  words  will  explain  these  steps. 

It  was  long  ago  ^nown  that  vibrations  may  be  communicated  by 
contact  The  distinction  of  transverse  and  longitudinal  vibrations 
being  established,  Savart  found  that  if  "one  rod  touched  another  perpen- 
dicularly, the  longitudinal  vibrations  of  the  first  occasion  transverse 
vibrations  in  the  second,  and  vice  versd.  This  is  the  more  remarkable, 
since  the  two  sets  of  vibrations  are  not  equal  in  rapidity,  and  therefore 
cannot  sympathize  in  any  obvious  manner.**     Savart  found  himself 


"  Vibrations  tournantes.  "  An.  Chim.  1819,  torn.  xiv.  p.  188. 
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able  to  generalize  this  proposition,  and  to  assert  that  in  any  combina- 
tion of  rods,  strings,  and  laminse,  at  right  angles  to  each  other,  the 
iongitudinal  and  transverse  vibrations  affect  respectively  the  rods  m 
the  one  and  other  direction,"  so  that  when  the  horizontal  rods,  for 
example,  vibrate  in  the  one  way,  the  vertical  rods  vibrate  in  the 
other. 

This  law  was  thus  expressed  in  terms  of  that  classification  of  vibra- 
tions of  which  we  have  spoken.  Yet  we  easily  see  that  we  may 
express  it  in  a  more  general  manner,  without  referring  to  that  classifi- 
cation, by  saying,  that  vibrations  are  communicated  so  as  always  to  be 
parallel  to  their  original  direction.  And  by  following  it  out  in  this 
fthi^  by  means  of  experiment,  M.  Savart  was  led,  a  short  time  after- 
wards, to  deny  that  there  is  any  essential  distinction  in  these  different 
kinds  of  vibration.  "We  are  thus  led,"  he  says'*  in  1822,  "to  con- 
uder  normal  [transverse]  vibrations  as  only  one  circumstance  in  a 
more  general  motion  common  to  all  bodies,  analogous  to  tangential 
[longitudinal  and  rotatory]  vibrations ;  that  is,  as  produced  by  small 
molecular  oscillations^  and  differently  modified  according  to  the  direc- 
tion which  it  affects,  relatively  to  the  dimensions  of  the  vibrating 
body." 

These  "inductions,"  as  he  properly  calls  them,  arc  supported  by  a 
great  mass  of  ingenious  experiments ;  and  may  be  considered  as  well 
established,  when  they  are  limited  to  molecular  oscillations,  employing 
this  phrase  in  the  sense  in  which  it  is  understood  in  the  above  state- 
ment ;  and  also  when  they  are  confined  to  bodies  in  which  the  play 
of  elasticity  is  not  interrupted  by  parts  more  rigid  than  the  rest,  as 
the  sound-post  of  a  violin.*'  And  before  I  quit  the  subject,  I  may 
notice  a  consequence  which  M.  Savart  has  deduced  from  his  views,  and 
which,  at  first  sight,  appears  to  overturn  most  of  the  earlier  doctrines 
respecting  vibrating  bodies.  It  was  formerly  held  that  tense  strings 
and  elastic  rods  could  vibrate  only  in  a  determinate  series  of  modes  of 
division,  with  no  intermediate  steps.  But  M.  Savart  maintains,**  on 
the  contrary,  that  they  produce  sounds  which  are  gradually  trans- 
fomied  into  one  another,  by  indefinite  intermediate  degrees.  The 
reader  may  naturally  ask,  what  is  the  solution  of  this  apparent  con- 


**  An.  Chim.  p.  152.  "  lb.  t.  xxv.  p.  33. 

^  For  the  suggestion  of  the  necessity  of  this  limitation  I  nm  indebted  to  Mr. 
Willk 
"  An.  Chim.  1826,  t.  xxxii.  p.  384. 
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tradiction  between  the  earliest  and  the  latest  discoveries  in  acoustics  t 
And  the  answer  must  be,  that  these  intermediate  modes  of  vibration 
are  complex  in  their  nature,  and  diflScult  to  produce ;  and  that  those 
which  were  formerly  believed  to  be  the  only  possible  vibrating  con 
ditions,  are  so  eminent  above  all  the  rest  by  their  features,  their  sim 
plicity,  and  their  facility,  that  we  may  still,  for  common  purposes,  con* 
sider  them  as  a  class  apart;  although  for  the  sake  of  reaching  a 
general  theorem,  we  may  associate  them  with  the  general  mass  of  cases 
of  molecular  vibrations.  And  thus  we  have  no  exception  here,  as  we 
can  have  none  in  any  case,  to  our  maxim,  that  what  formed  part  ci 
the  early  discoveries  of  science,  forms  part  of  its  latest  systems. 

We  have  thus  surveyed  the  progress  of  the  science  of  sound  up  to 
recent  times,  with  respect  both  to  the  discovery  of  laws  of  phenomena, 
and  the  reduction  of  these  to  their  mechanical  causes.  The  former 
branch  of  the  science  has  necessarily  been  inductively  pursued ;  and 
therefore  has  been  more  peculiarly  the  subject  of  our  attention.  And 
this  consideration  will  explain  why  we  have  not  dwelt  more  upon 
the  deductive  labors  of  the  great  analysts  who  have  treated  of  tbn 
problem. 

To  tliose  who  are  acquainted  with  the  high  and  deserved  fami 
which  the  labors  of  D'Alembcrt,  Euler,  Lagrange,  and  others,  upon 
this  subject,  enjoy  among  mathematicians,  it  may  seem  as  if  we  bad 
not  given  them  their  due  prominence  in  our  sketch.  But  it  is  to  be 
recollected  here,  as  we  have  already  observed  in  the  case  of  hydro- 
dynamics, that  even  when  the  general  principles  are  uncontested,  mer« 
mathematical  deductions  from  them  do  not  belong  to  the  history  of 
physical  science,  except  when  they  point  out  laws  which  are  interme 
diate  between  the  general  principle  and  the  individual  facts,  and  whicl 
obser\'ation  may  confirm. 

The  business  of  constructing  any  science  may  be  figured  as  t]i< 
task  of  forming  a  road  on  which  our  reason  can  travel  through  a  cer 
tain  province  of  the  external  world.  We  have  to  throw  a  bridg< 
which  may  lead  from  the  chambers  of  our  own  thoughts,  from  ou: 
speculative  principles,  to  the  distant  shore  of  material  facts.  But  ii 
all  cases  the  abyss  is  too  wide  to  be  crossed,  except  we  can  find  8om( 
intermediate  points  on  which  the  piers  of  our  structure  may  rest 
Mere  facts,  without  connexion  or  law,  arc  only  the  rude  stones  hewi 
from  the  opposite  bank,  of  which  our  arches  may,  at  some  time,  b 
built.  But  mere  hypothetical  mathematical  calculations  are  only  plan 
of  projected  structures ;  and  those  plans  which  exhibit  only  one  vas 
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and  HDgle  arch,  or  which  suppose  no  support  but  that  which  our  own 
position  supplies,  will  assuredly  never  become  realities.  We  must 
bare  a  firm  basis  of  intermediate  generalizations  in  order  to  frame  a 
continuous  and  stable  edifice. 

In  the  subject  before  us,  we  have  no  want  of  such  points  of  inter- 
mediate support,  although  they  arc  in  many  instances  irregularly 
(listribated  and  obscurely  seen.  The  number  of  observed  laws  and 
relations  of  the  phenomena  of  sound,  is  already  very  great;  and 
though  the  time  may  be  distant,  there  seems  to  be  no  reason  to  despair 
of  one  day  uniting  them  by  clear  ideas  of  mechanical  causation,  and 
thus  of  making  acoustics  a  perfect  secondary  mechanical  science. 

The  historical  sketch  just  given  includes  only  such  parts  of  acoustics 
as  have  been  in  some  degree  reduced  to  general  laws  and  physical 
causes ;  and  thus  excludes  much  that  is  usually  treated  of  under  that 
head  Moreover,  many  of  the  numerical  calculations  connected  with 
sound  belong  to  its  agreeable  effect  upon  the  car ;  as  the  properties  of 
the  various  systems  of  Temperament.  These  are  parts  of  Theoretical 
Music,  not  of  Acoustics;  of  the  Philosophy  of  the  Fine  Arts,  not  of 
Physical  Science ;  and  may  be  referred  to  in  a  future  portion  of  this 
work,  so  fer  as  they  bear  upon  our  object. 

The  science  of  Acoustics  may,  however,  properly  consider  other 
differences  of  sound  than  those  of  acute  and  grave, — for  instance,  the 
articulate  differences,  or  those  by  which  the  various  letters  arc  formed. 
Some  progress  has  been  made  in  reducing  this  part  of  the  subject  to 
general  rules ;  for  though  Kcmpclen's  "  talking  machine  "  was  only  a 
work  of  art,  Mr.  Willis's  machine,"  which  exhibits  the  relation  among 
the  vowels,  gives  us  a  law  such  as  fonns  a  step  in  science.  We  may, 
however,  consider  this  instrument  as  a  phtkonr/omcter,  or  measure  of 
vowel  quality ;  and  in  that  point  of  view  wc  shall  have  to  refer  to  it 
igain  when  we  come  to  speak  of  such  measures. 


^  On  the  Vowel  Sounds,  and  on  Reed  Organ-pipes.     Camb.  Trans,  iii.  287. 
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Obphkus.    Hrvn. 

0  thou  who  fillest  the  palaces  of  Jove  ; 

Who  flowest  round  moon,  and  sun,  and  stars  above  ; 

Pervading,  bright,  life-giving  element, 

Supernal  Ether,  fair'and  excellent ; 

Fountain  of  hope  and  joy,  of  light  and  day, 

\\'o  own  at  length  thy  tranquil,  sti^y  sway. 


INTRODUCTION. 
Formal  and  Physical  Optics. 

flE  history  of  the  science  of  Optics,  written  at  length,  would  he 
very  voluminous ;  hut  we  shall  not  need  to  make  our  history  so ; 
once  our  main  ohject  is  to  illustrate  the  nature  of  science  and  the  con- 
ditions of  its  progress.  In  this  way  Optics  is  peculiarly  instnictive ; 
the  more  so,  as  its  history  has  followed  a  course  in  some  respects 
different  from  both  the  sciences  previously  reviewed.  Astronomy,  as 
we  have  seen,  advanced  with  a  steady  and  continuous  movement  from 
one  generation  to  another,  from  the  earliest  time,  till  her  career  was 
crowned  by  the  great  unforeseen  discovery  of  Newton  ;  Acoustics  had 
her  extreme  generalization  in  view  from  the  first,  and  her  history 
consist'^  in  the  correct  application  of  it  to  successive  problems  ;  Optics 
advanced  through  a  scale  of  generalizations  as  remarkable  as  those 
of  Astronomy  ;  but  for  a  long  period  she  was  almost  stationary;  and, 
at  last,  was  rapidly  impelled  through  all  those  stages  by  the  energy  of 
two  or  three  discoverers.  The  highest  point  of  generality  which 
Optics  has  reached  is  little  different  from  that  which  Acoustics  occu- 
pied at  once ;  but  in  the  older  and  earlier  science  we  still  want  that 
palpable  and  pointed  confirmation  of  the  general  principle,  which  the 
undulatoiy  theory  receives  from  optical  phenomena.  Astronomy  has 
amassed  her  vast  fortune  by  long-continued  industry  and  labor ;  Optics 
has  obtained  hers  in  a  few  yeare  by  sagacious  and  happy  speculations  ; 
Acoustics,  having  early  acquired  a  competence,  has  since  been  em- 
ployed rather  in  improving  and  adorning  than  in  extending  her 
estate. 

The  successive  inductions  by  which  Optics  made  her  advances, 
might,  of  course,  be  treated  in  the  same  manner  as  those  of  Astro- 
laomy,  each  having  its  prelude  and  its  sequel.  But  most  of  the 
discoveries  in  Optics  are  of  a  smaller  character,  and  have  less  employ- 
ed the  minds  of  men,  than  those  of  Astronomy ;  and  it  will  not  be 
necessary  to  exhibit  them  in  this  detailed  manner,  till  we  come  to  the 
great  generalization  by  which  the  theory  was  established.  I  shall, 
therefore,  now  pass  rapidly  in  review  the  earlier  optical  discoveries, 
without  any  such  division  of  the  series. 
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Optics,  like  Astronomy^  has  for  its  object  of  inquiry,  first,  the  law: 
of  phenomena,  and  next,  their  causes ;  and  we  may  hence  divide  thi 
science,  like  the  other,  into  Formal  Optics  and  Physical  Optics.  Thi 
distinction  is  clear  and  substantive,  but  it  is  not  easy  to  adhere  to  it  u 
our  narrative  ;  for,  after  the  theory  had  begun  to  make  its  rapid  ad 
vance,  many  of  the  laws  of  phenomena  were  studied  and  discovered  i] 
immediate  reference  to  the  theoretical  cause,  and  do  not  occupy } 
separate  place  in  the  history  of  science,  as  in  Astronomy  they  dc 
We  may  add,  that  the  reason  why  Formal  Astronomy  was  almoi 
complete  before  Physical  Astronomy  began  to  exist,  was,  that  it  wa 
necessary  to  construct  the  science  of  Mechanics  in  the  mean  time,  x 
order  to  be  able  to  go  on ;  whereas,  in  Optics,  mathematicians  war 
able  to  calculate  the  results  of  the  undulatory  theory  as  soon  as  it  hm 
suggested  itself  from  the  earlier  facts,  and  while  the  great  mass  f 
facts  were  only  becoming  known. 

We  shall,  then,  in  the  first  nine  chapters  of  the  History  of  Optio 
treat  of  the  Formal  Science,  that  is,  the  discovery  of  the  laws  o 
phenomena.  The  classes  of  phenomena  which  will  thus  pass  nndc 
our  notice  are  numerous;  namely,  reflection,  refraction,  chromati 
dispersion,  achromatization,  double  refraction,  polarization,  dipolaria 
tion,  the  colors  of  thin  plates,  the  colors  of  thick  plates,  and  th 
fringes  and  bands  which  accompany  shadows.  All  these  cases  ha 
been  studied,  and,  in  most  of  them,  the  laws  had  been  in  a  great  mei 
sure  discovered,  before  the  physical  theory  of  the  subject  gave  to  oi 
knowledge  a  simpler  and  more  solid  form. 
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CHAPTER  I. 

Fbdcart  Induction  of  Optics. — Rays  of  Light  and  Laws  of 
Reflection. 

IN  speaking  of  the  Ancient  History  of  Physics,  we  have  already 
noticed  that  the  optical  philosophers  of  antiquity  had  satisfied 
themselves  that  vision  is  performed  in  straight  lines ; — that  they  had 
fixed  their  attention  upon  those  straight  lines,  or  rays^  as-  the  proper 
object  of  the  science ; — they  had  ascertained  that  rays  reflected  from 
a  bright  surface  make  the  angle  of  reflection  equal  to  the  angle  of 
incidence ; — and  they  had  drawn  several  consequences  from  these 
principles. 

We  may  add  to  the  consequences  already  mentioned,  the  art  of 
perspective^  which  is  merely  a  corollary  from  the  doctrine  of  rectilinear 
visual  rays ;  for  if  we  suppose  objects  to  be  referred  by  such  rays  to  a 
plane  interposed  between  them  and  the  eye,  all  the  rules  of  perspec- 
tive follow  directly.  The  ancients  practised  this  art,  as  we  see  in  the 
pictares  which  remain  to  us  and  we  learn  from  Vitruvius,*  that  they 
also  wrote  upon  it.  Agatharclms,  who  had  been  instructed  by 
Eschylus  in  the  art  of  making  decorations  for  the  theatre,  was  the 
first  author  on  this  subject,  and  Anaxagoras,  who  was  a  pupil  of  Aga- 
tharclius,  also  wrote  an  Acthiographia,  or  doctrine  of  drawing  by 
rays  :  but  none  of  these  treatises  arc  come  down  to  us.  Tlie  moderns 
re-invented  the  art  in  the  flourishing- times  of  the  art  of  painting,  tliat 
is  about  the  end  .of  the  fifteenth  century ;  and,  belonging  to  that 
period  also,  we  have  treatises^  upon  it. 

But  these  are  only  deductive  applications  of  the  most  elementary 
optical  doctrines;  we  must  proceed  to  tlic  inductions  by  which 
fiirther  discoveries  were  made. 


'  DeAreh.  ix.     Mont.  i.  101.  '  Gauricus,  1504 
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CHAPTER  II 
Discovery  of  the  Law  of  Refraction. 

WE  have  seen  in  the  former  part  of  this  history  that  the  Greek 
had  formed  a  tolerably  clear  conception  of  the  refraction  as  wel 
as  the  reflection  of  the  rays  of  light ;  and  that  Ptolemy  had  measurec 
the  amount  of  refraction  of  glass  and  water  at  various  angles.  If  tn 
give  the  names  of  the  angle  of  incidence  and  the  angle  of  refraetwi 
respectively  to  the  angles  which  a  ray  of  light  makes  with  the  ]m 
perpendicular  to  surface  of  glass  or  water  (or  any  other  medimii 
within  and  without  the  medium,  Ptolemy  had  observed  that'  the  angl< 
of  refraction  is  always  less  than  the  angle  of  incidence.  He  had  sop 
posed  it  to  be  less  in  a  given  proportion,  but  this  opinion  is  false;  an< 
was  afterwards  rightly  denied  by  the  Arabian  mathematician  Albazen 
The  optical  views  which  occur  in  the  work  of  Alhazen  are  far  sounde: 
than  those  of  his  predecessors ;  and  the  book  may  be  regarded  as  thi 
most  considerable  monument  which  we  have  of  the  scientific  gcniiK 
of  the  Arabians ;  for  it  appears,  for  the  most  part,  not  to  be  borrowec 
from  Greek  authorities.  The  author  not  only  asserts  (lib.  vii.),  tha 
refraction  takes  place  towards  the  perpendicular,  and  refers  to  experi 
ment  for  the  truth  of  this :  and  that  the  quantities  of  the  refractioi 
differ  according  to  the  magnitudes  of  the  angles  which  the  direction 
of  the  incidental  rays  (primce  lineoc)  make  with  the  perpendiculars  (i 
the  surface ;  but  he  also  says  distinctly  and  decidedly  that  the  angle 
of  refraction  do  not  follow  the  proportion  of  the  angles  of  incidence, 

[2nd  Ed.]  [There  appears  to  be  good  ground  to  assent  to  th« 
assertion  of  Alhazen's  originality,  made  by  his  editor  Risner,  wb< 
says,  "Euclideum  hie  vel  Ptolcmaicuni  nihil  fere  est."  Besides  tb 
doctrine  of  reflection  and  refraction  of  light,  the  Arabian  author  givB 
a  description  of  the  eye.  He  distinguishes  three  fluids,  humor  aqueui 
crpstallinuSj  vitreus,  and  four  coats  of  the  eye,  tunica  adherens^  cornea 
uvea,  tunica  red  similis.  He  distinguishes  also  three  kinds  of  vision 
"  Visibile  percipitur  aut  solo  visu,  aut  visu  et  syllogismo,  aut  visa  e 
anticipata  notionc."  Ho  has  several  propositions  relating  to  what  w< 
sometimes  call  the  Philosophy  of  Vision  :  for  instance  this  :  "  E  viii 
bili  siepius  viso  remanet  in  anima  generalis  notio,"  <fec.] 


\ 


DISCOVERY  OF  THE  LAW  OP  REFRACTIONS.  55 

Hie  aasertioD,  that  the  angles  of  refraction  are  not  proportional  to 
the  angles  of  incidence,  was  an  important  remark ;  and  if  it  had  been 
steadily  kept  in  mind,  the  next  thing  to  be  done  with  regard  to  refrac- 
tion was  to  go  on  experimenting  and  conjecturing  till  the  true  law  of 
refraction  was  discovered ;  and  in  the  mean  time  to  apply  the  prin- 
ciple as  &r  as  it  was  known.  Alhazen,  though  he  gives  directions  for 
making  experimental  measures  of  refraction,  does  not  give  any  Table 
of  the  results  of  such  experiments,  as  Ptolemy  had  done.  Vitello,  a 
Pole,  who  in  the  13th  century  published  an  extensive  work  upon  Op- 
tics^ does  give  such  a  table ;  and  asserts  it  to  be  deduced  from  experi- 
ment, as  I  have  already  said  (vol.  i.).  But  this  assertion  is  still  liable 
to  doubt  in  consequence  of  the  table  containing  impossible  observations. 

pud  Ed.]  [As  I  have  already  stated,  Vitello  asserts  that  his  Ta- 
bles were  derived  from  his  own  observations.  Their  near  agreement 
with  thoife  of  Ptolemy  does  not  make  this  improbable :  for  where  the 
obaenrations  were  only  made  to  half  a  degree,  ilicre  was  not  much 
room  for  obser\*ers  to  differ.  It  is  not  unlikely  that  the  observations 
of  refraction  out  of  air  into  water  and  glass,  and  out  of  water  into 
glass,  were  actually  made  ;  while  the  impossible  values  which  accom- 
pany them,  of  the  refraction  out  of  water  and  glass  into  air,  and  out 
of  glass  into  water,  were  calculate  1,  and  calculated  from  an  erroneous 
role.] 

The  principle  that  a  ray  refracted  in  glass  or  water  is  turned  to- 
wards the  perpendicular,  without  knowing  the  exact  law  of  refraction, 
enabled  mathematicians  to  trace  the  effects  of  transparent  bodies  in 
various  cases.  Thus  in  lloger  Bacon's  works  we  find  a  tolerably  dis- 
tinct explanation  of  the  effect  of  a  convex  glass ;  and  in  the  work  of 
Vitello  the  effect  of  refraction  at  the  two  surfaces  of  a  glass  globe  is 
clearly  traceable. 

Notwithstanding  Alhazen's  assertion  of  the  contrary,  the  opinion 
was  still  current  among  mathematicians  that  the  angle  of  refraction 
was  proportional  to  the  angle  of  incidence.  But  when  Kepler's  atten- 
tion was  drawn  to  the  subject,  he  saw  that  this  was  plainly  inconsistent 
with  the  observations  of  Vitello  for  large  angles;  and  he  convinco<l 
himself  by  his  own  experiments  that  the  true  law  was  something 
different  from  the  one  commonly  supposed.  Tlie  discovery  of  this 
true  law  excited  in  him  an  eager  curiosity ;  and  this  point  had  the 
more  interest  for  him  in  consequence  of  the  introduction  of  a  correc- 
tion for  atmospheric  refraction  into  astronomical  calculations,  which 
had  been  made  by  Tyclio,  and  of  the  invention  of  the  telescope.     In 


56  HISTORY  OF  OPTICS. 

his  Supplement  to  Vitello,  published  in  1604,  Eepler  attempts  tc 
reduce  to  a  rule  the  measured  quantities  of  refraction.  The  readei 
who  recollects  what  we  have  already  narrated,  the  manner  in  which 
Kepler  attempted  to  reduce  to  law  the  astronomical  observations  of 
Tycho, — devising  an  almost  endless  variety  of  possible  formulae,  tracing 
their  consequences  with  undaunted  industry,  and  relating,  with  a  viva- 
cious garrulity,  his  disappointments  and  his  hopes, — will  not  be  sur- 
prised to  find  that  he  proceeded  in  the  same  manner  with  regard  to 
the  Tables  of  Observed  Refractions.  He  tried  a  variety  of  constructions 
by  triangles,  conic  sections,  &c.,  without  being  able  to  satisfy  himself; 
and  he  at  last*  is  obliged  to  content  himself  with  an  approximate  rulu, 
which  makes  the  refraction  partly  proportional  to  the  angle  of  inci- 
dence, and  partly,  to  the  secant  of  that  angle.  In  this  way  he  satisfi^ 
the  observed  refractions  within  a  difference  of  less  than  half  a  degree 
each  way.  When  we  consider  how  simple  the  law  of  refraction  is, 
(that  the  ratio  of  the  sines  of  the  angles  of  incidence  and  refraction  is 
constant  for  the  same  medium,)  it  appears  strange  that  a  person  at- 
tempting to  discover  it^  and  drawing  triangles  for  the  purpose,  should 
fail ;  but  this  lot  of  missing  what  afterwards  seems  to  have  been  ob- 
vious, is  a  common  one  in  the  pursuit  of  truth. 

The  person  who  did  discover  the  Law  of  the  Sines,  was  Willebrord 
Sncll,  about  1621 ;  but  the  law  was  first  published  by  Descartes, 
who  had  scon  Sncll's  papers."  Descartes  does  not  acknowledge  thi« 
law  to  have  been  first  detected  by  another  ;  and  after  his  manner,  in- 
stead of  establishing  its  reality  by  reference  to  experiment,  he  pretend* 
to  prove  a  priori  that  it  must  be  true,'  comparing,  for  this  purpose, 
tlic  particles  of  light  to  balls  striking  a  substance  which  acceleratei 
them. 

[2nd  Ed.]  [Iluyghens  says  of  Snell's  papers,  "  Quaj  et  nos  vidimus 
aliquando,  et  Cartesium  quoque  vidisse  accepimus,  et  hinc  fortasse 
mensuram  illam  quj©  in  sinibus  consistit  elicuerit."  Isaac  Vossius,  Dt 
Lucis  Naturd  et  PropriHate,  says  that  he  also  had  seen  this 'law  in 
Snell's  unpublished  optical  Treatise.  The  same  writer  says,  "Quod 
itaque  (Cartesius)  habet,  refractionum  momenta  non  exigenda  esse  ad 
angulos  sed  ad  lineas,  id  tuo  Snellio,  acccptum  ferre  debuisset,  cujus 
nomen  more  solito  dissimulavit."  "Cartesius  got  his  law  from  Snell. 
and  in  his  usual  war/,  concealed  it." 


»  L.  U.  K.  Life  of  Kepler,  p.  115. 
•  Hnyghens,  Dioptriea,  p.  2.  '  Diopt  p.  53. 
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Huygbens*  assertion,  that  Snell  did  not  attend  to  the  proportion  of 
the  sines,  is  very  captious ;  and  becomes  absurdly  so,  when  it  is  made 
to  mean  that  Snell  did  not  know  the  law  of  the  sines.  It  is  not  denied 
that  Snell  knew  the  tnie  law,  or  that  the  true  law  is  the  law  of  the 
mnes.  Snell  does  not  use  the  trigonometrical  term  sine^  but  he  ex- 
presses the  law  in  a  geometrical  form  more  simply.  Even  if  he  had 
attended  to  the  law  of  the  sines,  he  might  reasonably  have  preferred 
his  own  way  of  stating  it 

James  Gregory  also  independently  discovered  the  true  law  of  refrac- 
tion ;  and,  in  publishing  it^  states  that  he  had  learnt  that  it  had  already 
been  published  by  Descartes]. 

But  though  Descartes  does  not,  in  this  instance,  produce  any  good 
claims  to  the  character  of  an  inductive  philosopher,  he  showed  consi- 
derable skill  in  tracing  the  consequences  of  the  principle  when  once 
ad<^ted. '  In  particular  we  must  consider  him  as  the  genuine  author 
of  the  explanation  of  the  rainbow.  It  is  true  that  Fleischer*  and  Kep- 
ler had  previously  ascribed  this  phenomenon  to  the  rays  or  sunlight 
which,  falling  on  drops  of  rain,  are  refracted  into  each  drop,  reflected 
at  its  inner  surface,  and  refracted  out  again  :  Antonio  dc  Dorninis  had 
found  that  a  glass  globe  of  water,  when  placed  in  a  particular  position 
with  respect  to  the  eye,  exhibited  bright  colors ;  and  had  hence 
explained  the  circular  form  of  the  bow,  which,  indeed,  Aristotle  had 
done  before.*  But  none  of  these  writers  had  shown  why  there  was  a 
narrow  bright  circle  of  a  definite  diameter ;  for  the  drops  which  scud 
rays  to  the  eye  after  two  refractions  and  a  reflection,  occupy  a  much 
wider  space  in  the  heavens.  Descartes  assigned  the  reason  for  this  in 
the  most  satisfactory  manner,'  by  showing  that  the  rays  which,  after 
two  refractions  and  a  reflection,  come  to  the  eye  at  an  angle  of  about 
forty-one  degrees  with  their  original  direction,  are  far  more  dense  than 
those  in  any  other  position.  He  showed,  in  the  same  manner,  that  the 
existence  and  position  of  the  t:Condary  how  resulted  from  the  same 
laws.  This  is  the  complete  and  adequate  account  of  the  state  of 
things,  so  far  as  the  brightness  of  the  bows  only  is  concerned ;  the 
explanation  of  the  colors  belongs  to  the  next  article  of  our  sun'cy. 

Tlie  explanation  of  the  rainbow  and  of  its  magnitude,  afforded  by 
SnelPs  law  of  sines,  was  perhaps  one  of  the  leading  points  in  the  verifi- 
cation of  the  law.  The  principle,  being  once  established,  was  applied, 
by  the  aid  of  mathematical  reasoning,  to  atmospheric  refractions,  opti- 


•  Mont  i.  701.  *  Meteorol.  iii.  3.  •  Meieorum,  cap.  viii.  p.  196 
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cal  iDstrumcDts,  diacaustic  curves,  (that  is,  the  curves  of  intense  light 
produced  by  refraction,)  and  to  various  other  cases ;  and  was.  of  course, 
tested  and  confirmed  by  such  applications.  It  was,  however,  impossi- 
ble to  pursue  these  applications  far,  without  a  due  knowledge  of  the 
laws  by  which,  in  such  cases,  colors  are  produced.  To  these  we  now 
proceed. 

[2nd  Ed.]  [I  have  omitted  many  interesting  parts  of  the  history  ot 
Optics  about  this  period,  because  I  was  concerned  with  the  indtictivi 
discovery  of  laws,  rather  than  with  mathematical  deductions  from  such 
laws  when  established,  or  applications  of  them  in  the  form  of  instru- 
ments. I  might  otherwise  have  noticed  the  discovery  of  Spectacle 
Glasses,  of  the  Telescope,  of  the  Microscope,  of  the  Camera  Obscura, 
and  the  mathematical  explanation  of  these  and  other  phenomena,  ae 
given  by  Kepler  and  others.  I  might  also  have  noticed  the  progrea 
of  knowledge  respecting  the  Eye  and  Vision.  We  have  seen  that 
Alhazen  described  the  structure  of  the  eye.  The  operation  of  the 
parts  was  gradually  made  out.  Baptista  Porta  compares  the  eye  to 
his  Camera  Obscura  (Magia  Naturalis^  1579).  Schciner,  in  his  Ocu- 
lus,  published  1652,  completed  the  Theory  of  the  Eye.  And  Eeplei 
discussed  some  of  the  questions  even  now  often  agitated ;  as  the  causei 
and  conditions  of  our  seeing  objects  single  with  two  eyes,  and  ere^t 
with  inverted  images.] 


CHAPTER  III. 
Discovery  of  tue  Law  of  Dispersion  by  Refraction. 

EARLY  attempts  « ere  made  to  account  for  the  colors  of  the  rain- 
bow, and  various  other  phenomena  in  which  colors  are  seen  to 
arise  from  transient  and  unsubstantial  combinations  of  media.  Thui 
Aristotle  explains  the  colors  of  the  rainbow  by  supposing*  that  it  ii 
light  seen  through  a  dark  medium  :  "  Now,"  says  he,  "  the  bright  seen 
through  the  dark  appears  red,  as,  for  instance,  the  fire  of  green  wood 
seen  through  the  smoke,  and  the  sun  through  mist.  Also'  the  weaker 
is  the  light,  or  the  visual  power,  and  the  nearer  the  color  apgroachei 
to  the  black;  becoming  first  red,  then  green,  then  purple.     But*  the 


'  Meteor,  iii.  8,  p.  878.  *  lb.  p.  874.  '  lb.  p.  375. 


LAW   OF  DISPERSION  BY  REFRACTION.  59 

Tision  is  strongest  in  the  outer  circle,  because  the  periphery  is  greater ; 
— thus  we  shall  have  a  gradation  from  red,  through  green,  to  purple, 
in  passing  from  the  outer  to  the  inner  circle."  This  account  would 
hardly  have  deserved  much  notice,  if  it  had  not  been  for  a  strange 
attempt  to  revive  it,  or  something  very  like  it,  in  modern  times.  The 
same  doctrine  is  found  in  the  work  of  De  Dorainis.*  According  to 
him,  light  is  white :  but  if  we  mix  with  the  light  something  dark,  the 
colors  arise, — first  red,  then  green,  then,  blue  or  violet.  lie  applies 
tiuB  to  explain  the  colors  of  the  rainbow,*  by  means  of  the  considera- 
tioii  that,  of  the  rays  which  come  to  the  eye  from  the  globes  of  water, 
some  go  through  a  larger  thickness  of  the  globe  than  others,  whence 
he  obtains  the  gradation  of  colors  just  described. 

Descartes  came  far  nearer  the  true  philosophy  of  the  iridal  colors. 
He  found  that  a  similar  series  of  colors  was  produced  by  refraction  of 
l%ht  bounded  by  shade,  through  a  prism  ;*  and  he  rightly  inferred 
that  neither  the  curvature  of.the  surface  of  the  drops  of  water,  nor  the 
reflection,  nor  the  repetition  of  refraction,  were  necessary  to  the 
generation  of  such  colors.  In  further  examining  the  course  of  the 
rays,  he  approaches  very  near  to  the  true  conception  of  the  case ;  and 
we  are  led  to  believe  that  he  might  have  anticipated  Newton  in  his 
discovery  of  the  unequal  refrangibility  of  different  colors,  if  it  had  been 
possible  for  him  to  reason  any  otherwise  than  in  the  terms  and  notions 
of  his  preconceived  hypotheses.  The  conclusion  which  he  draws  is,' 
that  "  the  particles  of  the  subtile  matter  which  transmit  the  action  of 
light,  endeavor  to  rotate  with  so  great  a  force  and  impetus,  that  they 
cannot  move  in  a  straight  line  (whence  comes  refraction) :  and  that 
those  particles  which  endeavor  to  revolve  much  more  strongly  produce 
a  red  color,  those  which  endeavor  to  move  only  a  little  more  strongly 
produce  yellow."  Here  we  have  a  clear  perception  that  cold's  and 
unequal  refraction  are  connected,  though  the  cause  of  refraction  is 
expressed  by  a  gratuitous  hypothesis.  And  we  may  add,  that  he 
applies  this  notion  rightly,  so  far  as  he  explains  himself,"  to  account 
for  the  colors  of  the  rainbow. 

It  appears  to  me  that  Newton  and  others  have  done  Descartes 
injustice,  in  ascribing  to  De  Dominis  the  true  theory  of  the  rainbow. 
Tliere  are  two  main  points  of  this  theory,  namely,  the  showing  that  a 
briffkt  circular  band,  of  a  certain  definite  diameter,  arises  from  the 


*  Cap.  iiL  p.  9.     See  also  G oihe,  Farbenl.  vol.  ii.  p.  251.     *  G  tithe,  p.  263. 

•  Meteor.  Sect  viii.  p.  190.  ''  Sect.  vii.  p.  192.  '  Meteor.  Sect  ix 
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great  ratensitj  of  the  light  returned  at  a  certain  angle ;  and  the  refer- 
ring the  different  colors  to  the  different  quantity  of  the  refraction  ;  and 
both  these  steps  appear  indubitably  to  be  the  discoveries  of  Descartes 
And  he  informs  us  that  these  discoveries  were  not  made  without  some 
exertion  of  thought.  "  At  first,"  he  says,*  "  I  doubted  whether  the 
iridal  colors  were  produced  in  the  same  way  as  those  in  the  prism; 
but,  at  last,  taking  my  pen,  and  carefully  calculating  the  course  of  the 
rays  which  fall  on  each  part  of  the  drop,  I  found  that  many  more 
come  at  an  angle  of  forty-one  degrees,  than  either  at  a  greater  or  a  less 
angle.  So  that  there  is  a  bright  bow  terminated  by  a  shade ;  and 
hence  the  colors  are  the  same  as  those  produced  through  a  prism." 

The  subject  was  left  nearly  in  the  same  state,  in  the  work  of  Gri- 
maldi,  Pkt/sico-Matkesis,  de  Lumine,  Coloribus  et  Iride,  published  at 
Bologna  in  1665.  There  is  in  this  work  a  constant  reference  to 
numerous  experiments,  and  a  systematic  exposition  of  the  science  in 
an  improved  state.  The  author's  calculations  concerning  the  rainbow 
are  put  in  the  same  form  as  those  of  Descartes ;  but  he  is  further  from 
seizing  the  true  principle  on  which  its  coloration  depends.  He  rightly 
groups  together  a  number  of  experiments  in  which  colors  arise  from 
refraction  ;*"  and  explains  them  by  saying  that  the  color  is  brighter 
where  the  light  is  denser :  and  the  light  is  denser  on  the  side  from 
which  the  refraction  turns  the  ray,  because  the  increments  of  refraction 
are  greater  in  the  rays  that  arc  more  inclined."  This  way  of  treating 
the  question  might  be  made  to  give  a  sort  of  explanation  of  most  of 
the  facts,  but  is  much  more  erroneous  than  a  devclopement  of  Descar- 
tes's  view  would  have  been. 

At  length,  in  1672,  Newton  gave"  the  true  explanation  of  the  facts; 
namely,  that  light  consists  of  rays  of  different  colors  and  different 
refrangibility.  This  now  appears  to  us  so  obvious  a  mode  of  interpret- 
ing the  phenomena,  that  'vve  can  hardly  understand  how  they  can  be 
conceived  in  any  other  manner ;  but  yet  the  impression  which  this 
discovery  made,  both  upon  Newton  and  upon  his  contemporaries,  shows 
how  remote  it  was  from  the  then  accepted  opinions.  There  appears 
to  have  been  a  general  persuasion  that  the  coloration  was  produced, 
not  by  any  peculiarity  in  the  law  of  refraction  itself,  but  by  some  col- 
lateral circumstance, — some  dispersion  or  variation  of  density  of  the 
light,  in  addition  to  the  refraction.     Newton's  discovery  consisted  in 


•  Sect.  ix.  p.  198.  "  Prop.  36,  p.  264.  "  Ih.  p.  26ft. 

»  PhiL  TranB,  t  viL  p.  8076. 
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teaching  distinctly  that  the  law  of  refraction  was  to  be  applied,  not  to 
the  beam  of  light  in  general,  but  to  the  colors  in  particular. 

When  Newton  produced  a  bright  spot  on  the  wall  of  his  chamber, 
hj  admitting  the  sun's  light  through  a  small  hole  in  his  window-shut- 
ter, and  making  it  pass  through  a  prism,  he  ej^pected  the  image  to  be 
round ;  which,  of  course,  it  would  have  been,  if  the  colors  had  been 
produced  by  an  equal  dispersion  in  all  directions ;  but  to  his  surprise 
he  aaw  the  image,  or  spectrum,  five  times  as  long  as  it  was  broad. 
He  found  that  no  consideration  of  the  difierent  thickness  of  the  glass, 
the  possible  unevenness  of  its  surface,  or  the  different  angles  of  rays 
proceeding  from  the  two  sides  of  the  sun,  could  be  the  cause  of  this 
sfai^.     He  found,  also,  that  the  rays  did  not  go  from  the  prism  to  the 
inuige  in  curves ;  he  was  then  convinced  that  the  different  colors  were 
refracted  separately,  and  at  different  angles ;  and  he  confirmed  this  opi- 
nion by  transmitting  and  refracting  the  rays  of  each  color  separately. 
The  experiments  are  so  easy  and  common,  and  Newton's  interpreta- 
tion of  them  so  simple  and  evident,  that  we  might  have  expected  it  to 
receive  general  assent;  indeed,  as   we  Lave  shown,  Descartes  had 
already  been  led  very  near  the  same  point.     In  fact,  Newton's  opinions 
were  not  long  in  obtaining  general  acceptance ;  but  tliey  met  with 
enough  of  cavil  and  misapprehension  to  annoy  extremely  the  disco- 
verer, whose  clear  views  and  quiet  temper  made  him  impatient  alike 
of  stupidity  and  of  contentiousness. 

We  need  not  dwell  long  on  the  early  objections  which  were  made 
to  Newton's  doctrine.  A  Jesuit,  of  the  name  of  Ignatius  Pardics,  pro- 
fessor at  Clermont,  at  first  attempted  to  account  for  the  elongation  of 
the  image  by  the  difference  of  the  angles  made  by  the  rays  from  the 
two  edges  of  the  sun,  which  would  produce  a  difference  in  the  amount 
of  refraction  of  the  two  borders ;  but  when  Newton  pointed  out  the 
calculations  which  showed  the  insufiicicncy  of  this  explanation,  he 
withdrew  his  opposition.  Another  more  pertinacious  opponent 
appeared  in  Francis  Linus,  a  physician  of  Liege  ;  who  maintained,  that 
havini;  tried  the  experiment,  he  found  the  sun's  image,  when  the  sky 
was  clear,  to  be  round  and  not  oblong ;  and  he  ascribed  the  elongation 
noticed  by  Newton,  to  the  effect  of  clouds.  Newton  for  some  time 
refused  to  reply  to  this  contradiction  of  his  assertions,  though  obsti- 
nately persisted  in ;  and  his  answer  was  at  last  sent,  just  about  the 
time  of  Linus's  death,  in  1675.  But  Gascoigne,  a  friend  of  Linus,  still 
maintained  that  he  and  others  had  seen  what  the  Dutch  physician  had 
described ;    and  Newton,  who  was  pleased  with  the  candor  of  Gas- 
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coigne's  Jetter,  suggested  that  the  Dutch  experimenters  might  hav€ 
taken  one  of  the  images  reflected  from  the  surfaces  of  the  prism,  of 
which  there  are  several,  instead  of  the  proper  refracted  one.  By  the 
aid  of  this  hint,  Lucas  of  Liege  repeated  Newton^s  experiments,  and' 
obtained  Newton's  result,  except  that  he  never  could  obtain  a  spectrum 
whose  length  was  more  than  three  and  a  half  times  its  breadth. 
Newton,  on  his  side,  persisted  in  asserting  that  the  image  would  bo 
five  times  as  long  as  it  was  broad,  if  the  experiment  were  properly 
made.  It  is  curious  that  he  should  have  been  so  confident  of  this,  as 
to  conceive  himself  certain  that  such  would  be  the  result  in  all  cases. 
We  now  know  that  the  dispersion,  and  consequently  the  length,  of  the 
spectrum,  is  very  different  for  different  kinds  of  glass,  and  it  is  very 
probable  that  the  Dutch  prism  was  really  less  dispersive  than  the 
English  one."  The  erroneous  assumption  which  Newton  made  in 
this  instance,  ho  held  by  to  the  last ;  and  was  thus  prevented  from 
making  the  discovery  of  which  we  have  next  to  speak. 

Newton  was  attacked  by  persons  of  more  importance  than  those  we 
have  yet  mentioned  ;  namely,  Hooke  and  Iluyghens.  These  philoso- 
phers, however,  did  not  object  so  much  to  the  laws  of  refraction  of 
different  colors,  as  to  some  expressions  used  by  Newton,  which,  they 
conceived,  conveyed  false  notions  respecting  the  composition  and 
nature  of  light.  Newton  liad  asserted  that  all  the  different  colors 
are  of  distinct  kinds,  and  that,  by  their  composition,  they  form  white 
light.  This  is  true  of  colors  as  far  as  their  analysis  and  composition 
by  refraction  are  concerned ;  but  Hooke  maintained  that  all  natural 
colors  are  produced  by  various  combinations  of  two  primary  ones,  red 
and  violet ;"  and  Huyghens  held  a  similar  doctrine,  taking,  however, 
yellow  and  blue  for  his  basis.  Newton  answers,  that  such  composi- 
tions as  they  speak  o^  are  not  compositions  of  simple  colors  in  his 
sense  of  the  expressions.  These  writers  also  had  both  of  them 
adopted  an  opinion  that  light  consisted  in  vibrations ;  and  objected  to 
Newton  that  his  language  was  erroneous,  as  involving  the  hypothesis 
that  light  was  a  body.  Newton  appears  to  have  had  a  horror  of  the 
word  hypothesisy  and  protests  against  its  being  supposed  that  hia 
"  theory"  rests  on  such  a  foundation. 

The  doctrine  of  the  unequal  refrangibility  of  different  rays  is  clearly 
exemplified  in  the  effects  of  lenses,  which  produce  images  more  or 


"  Brewster*8  Newtony  p.  60. 

'*  Brewster's  Ktwton,  p.  54.     Phil.  Trans,  viil  5084,  6086. 
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Ie«  bordered  with  color,  in  consequence  of  this  property.     The  im- 

provanent  of  telescopes  was,  in  Newton's  time,  the  great  practical 

mo^n  for  aiming  at  the  improvement  of  theoretical  optics.   Newton's 

tfaeorj  showed  why  telescopes  were  imperfect,  namely,  in  consequence 

of  the  different  refraction  of  different  colore,  which  produces  a  chro- 

mstic  aberration :  and  the  theory  was  confirmed  by  the  circumstances 

of  soch  imperfections.    The  false  opinion  of  which  we  have  already 

qwken,  that  the  dispersion  must  be  the  same  when  the  refraction  is 

the  same,  led  him  to  believe  that  the  imperfection  was  insurmountable, 

—that  achromatic  refraction  could  not  bo  obtained :  and  this  view 

mtde  him  turn  his  attention  to  the  construction  of  reflecting  instead 

of  refracting  telescopes.     But  the  rectification  of  Newton's  error  was 

a  farther  confirmation  of  the  general  truth  of  his  principles  in  other 

respects ;  and  since  that  time,  the  soundness  of  the  Newtonian  law  of 

refraction  has  hardly  been  questioned  among  physical  philosophers. 

It  has,  however,  in  modern  times,  been  very  vehemently  contro- 
verted in  a  quarter  from  which  we  might  not  readily  have  expected  a 
detailed  discussion  on  such  a  subject.     The  celebrated  Gothe  has  writ- 
ten a  work  on  The  Doctrine  of  Colors,  [Farbenlehre  ;  Tubingen,  1810,) 
one  main  purpose  of  which  is,  to  represent  Newton's  opinions,  and  the 
work  in  which  they  are  fomially  published,  (his  Optlcks,)  as  utterly 
fiilse  and  mistaken,  and  capable  of  being  assented  to  only  by  the  most 
blind  and  obstinate  prejudice.     Tliosc  who  are  acquainted  with  the 
extent  to  which  such  an  opinion,  promulgated  by  Gothe,  was  likely  to 
be  widely  adopted  in  Germany,  will  not  be  surprised  that  similar 
language  is  used  by  other  writers  of  that  nation.     Thus  Schelling** 
says:  "Newton's  Opticks  is  the  greatest  proof  of  the  possibility  of  a 
whole  structure  of  fallacies,  which,  in  all  its  parts,  is  founded  upon 
observation  and  experiment."     Gothe,  however,  docs  not  concede  even 
80  much  to  Newton's  work.     He  goes  over  a  large  portion  of  it^  page 
by  page,  quarrelling  with  the  experiments,  diagrams,  reasoning,  and 
language,  without  intermission  ;  and  holds  that  it  is  not  reconcileable 
with  the  most  simple  facts.     He  declares,"  that  the  first  time  he 
looked  through  a  prism,  he  saw  the  white  walls  of  the  room  still  look 
white,  **  and  though  alone,  I  pronounced,  as  by  an  instinct,  that  the 
Newtonian  doctrine  is  false."    We  need  not  here  point  out  how  incon- 
sistent with   the   Newtonian  doctrine   it  was,  to    expect^  as  Goth^ 
expected,  that  the  wall  should  be  all  over  colored  various  colors. 


"  Vorlcmnfjen,  p.  2*70.  "  Farhenlehre,  vol.  il  p.  678. 
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Gothe  not  only  adopted  and  strenuously  maintained  the  opinion  that 
the  Newtonian  theory  was  false,  but  he  framed  a  system  of  his  own  to 
explain  the  phenomena  of  color.  As  a  matter  of  curiosity,  it  may  be 
worth  our  while  to  state  the  nature  of  this  system ;  although  undoubt- 
edly it  forms  no  part  of  the  progress  of  physical  science.  Gothe*« 
views  are,  in  fact,  little  different  from  those  of  Aristotle  and  Antonio 
de  Dominis,  though  more  completely  and  systematically  developed. 
According  to  him,  colors  arise  when  we  see  through  a  dim  medium 
("ein  trubes  mittel").  Light  in  itself  is  colorless;  but  if  it  be  seen 
through  a  somewhat  dim  medium,  it  appears  yellow ;  if  the  dimness 
of  the  medium  increases,  or  if  its  depth  be  augmented,  we  see  the 
light  gradually  as&ume  a  yellow-red  color,  which  finally  is  heightened 
to  a  ruby-red.  On  the  other  hand,  if  darkness  is  seen  through  a  dim 
medium  which  is  illuminated  by  a  light  falling  on  it,  a  blue  color  is 
seen,  which  becomes  clearer  and  paler,  the  more  the  dimness  of  the 
medium  increases,  and  darker  and  fuller,  as  the  medium  becomes  more 
transparent;  and  when  we  come  to  "the  smallest  degree  of  the  purest 
dimness,"  we  see  the  most  perfect  violet"  In  addition  to  this  "  doc- 
trine of  the  dim  medium,"  we  have  a  second  principle  asserted  con- 
cerning refraction.  In  a  vast  variety  of  cases,  images  are  accompanied 
by  "accessory  images,"  as  when  we  see  bright  objects  in  a  looking- 
glass."  Now,  when  an  image  is  displaced  by  refraction,  the  displace- 
ment is  not  complete,  clear  and  sharp,  but  incomplete,  so  that  there  is 
an  accessory  image  along  with  the  principal  one."  From  these  prin 
ciples,  the  colors  produced  by  refraction  in  the  image  of  a  bright 
object  on  a  dark  ground,  are  at  once  derivable.  The  accessory  image 
is  semitransparent ;""  and  hence  that  border  of  it  which  is  pushed  for- 
wards, is  drawn  from  the  dark  over  the  bright,  and  there  the  yellow 
appears ;  on  the  other  hand,  where  the  clear  border  laps  over  the 
dark  ground,  the  blue  is  seen  '^^  and  hence  we  easily  see  that  the  image 
must  appear  red  and  yellow  at  one  end,  and  blue  and  violet  at  the 
other. 

We  need  not  explain  this  system  further,  or  attempt  to  show  how 
vague  and  loose,  as  well  as  baseless,  are  the  notions  and  modes  of  con- 
ception which  it  introduces.  Perhaps  it  is  not  diflficult  to  point  out 
the  peculiarities  in  Gothe's  intellectual  character  which  led  to  his 
singularly  nnphilosophical  views  on  this  subject.     One  important  cir- 


'»  FarhenUhre,  §  150,  p.  151.  »  lb.  §  228. 

»  lb.  §  227.  *  lb.  §  288.  "  lb.  §  289. 
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cumstance  is,  that  he  appears,  like  many  persons  in  wliom  the  poetical 
inu^iMtion  is  very  active,  to  have  been  destitute  of  the  talent  and 
the  Wt  of  geometrical  thought.  In  all  probability,  he  never  appre- 
hended clearly  and  steadily  those  relations  of  position  on  which  the 
Newtonian  doctrine  depends.  Another  cause  of  his  inability  to  accept 
the  doctrine  probably  was,  that  he  had  conceived  the  "  composition  " 
of  colors  in  some  way  altogether  different  from  that  which  Newton 
understands  by  composition.  What  Qothe  expected  to  see,  we  cannot 
clearly  collect;  but  we  know,  from  his  own  statement,  that  his  inten- 
tion of  experimenting  with  a  prism  arose  from  his  speculations  on  the 
rales  of  coloring  in  pictures ;  and  we  can  easily  see  that  any  notion 
of  the  composition  of  colors  which  such  researches  would  suggest, 
wonld  require  to  be  laid  aside,  before  he  could  understand  Newton's 
theory  of  the  composition  of  light. 

Other  objections  to  Newton's  thcor}"-,  of  a  kind  very  different,  have 
been  recently  made  by  that  eminent  master  of  optical  science,  Sir 
David  Brewster.  He  contests  Newton's  opinion,  that  the  colored  rays 
into  which  light  is  separated  by  refraction  are  altogether  sinii>lc  and 
homogeneous,  and  incapable  of  being  further  analysed  and  modified. 
For  he  finds  that  by  p?issing  such  rays  through  colored  media  (as  blue 
glass  for  instance),  they  are  not  only  absorbed  and  transmitted  in  ver}^ 
various  degrees,  but  that  some  of  them  have  their  color  altered  ;  which 
effect  he  conceives  as  a  further  analysis  of  the  rays,  one  component 
color  being  absorbed  and  the  other  transmitted.^'*  And  on  this  sub- 
ject we  can  only  say,  as  we  have  before  said,  that  Newton  has  incon- 
testably  and  completely  established  his  doctrine,  so  far  as  analysis  and 
decomposition  hj  refraction  are  concerned;  but  that  with  regard  to 
any  other  analysis,  which  absorbing  media  or  other  agents  may  pro- 
duce, we  have  no  right  from  his  experiments  to  assert,  that  the  colors 
of  the  spectrum  arc  incapable  of  such  decomposition.  The  whole  sub- 
ject of  the  colors  of 'objects,  both  opake  and  transparent,  is  still  in 
obscurity.  Newton's  conjectures  concerning  the  causes  of  the  colors 
of  natural  bodies,  appear  to  help  us  little ;  and  his  opinions  on  that 
subject  are  to  be  separated  altogether  from  the  important  step  which 
he  made  in  optical  science,  by  the  establishment  of  the  true  doctrine 
of  refractive  dispersion. 

[2nd  Ed.]  [Afler  a  careful  re-consideration  of  Sir  I).  Brewster's 
asserted  analvsis  of  the  solar  lidit  into  three  colors  bv  means  of 


'  This  latter  fact  has,  however,  been  denied  by  other  experimenters. 
Vol.  a— 5. 
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absorbing  media,  I  cannot  consider  that  lie  has  established  his  poinl 
as  an  exception  to  Newton's  doctrine.  In  the  first  place,  the  analysis 
of  light  into  three  colors  appears  to  be  quite  arbitrary,  gi'anting  all  his* 
experimental  facts.  I  do  not  see  why,  using  other  media,  he  might  not* 
just  as  well  have  obtained  other  elementary  colors.  In  the  next  places 
this  cannot  be  called  an  analysis  in  the  same  sense  as  Newton's  analj* 
sis,  except  the  relation  between  the  two  is  shown.  Is  it  meant*  that 
Newton's  experiments  prove  nothing?  Or  is  Newton's  conclosion- 
allowed  to  be  true  of  light  which  has  not  been  analysed  by  absorption  t 
And  where  are  we  to  find  such  light,  since  the  atmosphere  absorbs  f 
But,  I  must  add,  in  the  third  place,  that  witli  a  very  sincere  admiration 
of  Sir  D.  Brewst^jr's  skill  as  an  experimenter,  I  think  his  experimeni 
requires,  not  only  limitation,  but  confirmation  by  other  experimenten, 
Mr.  Airy  repeated  the  experiments  with  about  thirty  different  absorl>- 
ing  substances,  and  could  not  satisfy  himself  that  in  any  case  they 
changed  the  color  of  a  ray  of  given  refractive  power.  These  experi- 
ments were  described  by  him  at  a  meeting  of  the  Cambridge  Philoso- 
phical Society.] 

We  now  proceed  to  the  corrections  which  the  next  generation  intro- 
duced into  the  details  of  this  doctrine. 


CHAPTER  IV. 
Discovery  of  Achromatism. 

THE  discovery  that  the  laws  of  refractive  dispersion  of  different  sub- 
stances  were  such  as  to  allow  of  combinations  which  neutralized 
the  dispersion  without  neutralizing  the  refraction,  is  one  which  hai 
hitherto  been  of  more  value  to  art  than  to  science.  The  property  hai 
no  definite  bearing,  which  has  yet  been  satisfactorily  explained,  upon 
the  theory  of  light;  but  it  is  of  the  greatest  importance  in  its  applicar 
tion  to  the  construction  of  telescopes ;  and  it  excited  the  more  notice, 
in  consequence  of  the  prejudices  and  difficulties  which  for  a  tinu 
retarded  the  discovery. 

Newton  conceived  that  he  had  proved  by  experiment,*  that  lighl 


*  Opticks,  B.  L  p.  il  Prop.  3. 
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k  white  after  refraction,  when  the  emergent  rays  are  parallel  to  tlie 
inddent,  and  in  no  other  case.  If  this  were  so,  the  production  of 
cdodesB  images  by  refracting  media  would  be  impossible ;  and  such, 
is  deference  to  Newton's  great  authority,  was  for  some  time  the 
ge&ecal  persuasion.  Euler"  observed,  that  a  combination  of  lenses 
wluch  does  not  color  the  image  must  be  possible,  since  we  have  an 
example  of  such  a  combination  in  the  human  eye ;  and  he  investigated 
mathematically  the  conditions  requisite  for  such  a  result  Klingen- 
fltiema,'  a  Swedish  mathematician,  also  showed  that  Newton's  nile 
could  not  be  universally  true.  Finally,  John  Dollond,*  in  1757, 
r^ted  Newton's  experiment,  and  obtained  an  opposite  result.  He 
ibond  that  when  an  object  was  seen  through  two  prisms,  one  of  glass 
aiMl  one  of  water,  of  such  angles  that  it  did  not  appear  displaced  by 
refraction,  it  was  colored.  Hence  it  followed  that,  without  being 
colored,  the  rays  might  be  made  to  undergo  refraction;  and  that 
thns,  substituting  lenses  for  prisms,  a  combination  might  be  formed, 
which  should  produce  an  image  without  coloring  it,  and  make  the 
constniction  of  an  achromatic  telescope  possible. 

Etiler  at  first  hesitated  to  confide  in  Dollond^s  experiments  ;  but  Ik; 
was  assured  of  their  correctness  by  Clairaut,  who  had  thronglioiit  paid 
great  attention  to  the  subject ;  and  those  two  great  mathematicians, 
as  well  as  D'Alembert^  proceeded  to  investigate  mathematical  for- 
mula) which  might  be  useful  in  the  application  of  the  discovery.  The 
remainder  of  the  deductions,  which  were  founded  upon  the  laws  of 
dispersion  of  various  refractive  substances,  belongs  rather  to  the  his- 
toF}'  of  art  than  of  science.  Dollond  used  at  first,  for  his  achromatic 
object-glass,  a  lens  of  crown-glass,  and  one  of  flint-glass.  Uc  after- 
wards employed  two  lenses  of  the  former  substance,  including  between 
them  one  of  the  latter,  adjusting  the  curvatures  of  his  lenses  in  such  a 
way  as  to  correct  the  imperfections  arising  from  the  spherical  form  of 
the  glasses,  as  well  as  the  fault  of  color.  Afterwards,  Blair  used  fluid 
media  along  with  glass  lenses,  in  order  to  produce  improved  object- 
glasses.  This  has  more  recently  been  done  in  another  form  by  Mr. 
Barlow.  The  inductive  laws  of  refraction  being  established,  their 
results  have  been  deduced  by  various  mathematicians,  as  Sir  J.  Hcr- 
Khel  and  Professor  Airy  among  ourselves,  who  have  simplified  and 
extended  the  investigation  of  the  formulae  which  determine  the  best 
combination   of  lenses  in  the  object-glasses  and  eye-glasses   of  tele- 


'  Ac.  Berlin,  1747.  '  Swed'uh  Trans,  1754.  «  Phil.  Trans,  1758 
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scopes,  both  with  reference  to  spherical  and  to  chromatic  aber- 
rations. 

According  to  Dollond's  discovery,  the  colored  spectra  produced  by 
prisms  of  two  substances,  as  flint-glass  and  crown-glass,  would  be  of 
the  same  length  when  the  refraction  was  different  But  a  questuHi 
then  occurred :  When  the  whole  distance  from  the  red  to  the  violet 
in  one  spectrum  was  the  same  as  the  whole  distance  in  the  other,  were 
the  intermediate  colors,  yellow,  green,  &c^  in  corresponding  places  in 
the  two?  This  point  also  could  not  be  determined  any  otherwise 
than  by  experiment.  It  appeared  that  such  a  correspondence  did  not 
exist;  and,  therefore,  when  the  extreme  colors  were  corrected  by 
combinations  of  the  different  media,  there  still  remained  an  uncor- 
rected residue  of  color  arising 'from  the  rest  of  the  spectrum.  TWs 
defect  was  a  consequence  of  the  property,  that  the  spectra  belonging 
to  different  media  were  not  divided  in  the  same  ratio  by  the  same 
colors,  and  was  hence  termed  the  irrationalittj  of  the  spectrum.  By 
using  three  prisms,  or  three  lenses,  three  colors  may  be  made  to  coin- 
cide instead  of  two,  and  the  effects  of  this  irrationality  greatly 
diminished. 

For  the  reasons  already  mentioned,  we  do  not  pursue  this  subjecl 
further,*  but  turn  to  those  optical  facts  which  finally  led  to  a  great 
and  comprehensive  theory. 

[2nd  Ed.]  [Mr.  Chester  More  Hall,  of  More  Hall,  in  Essex,  is 
said  to  have  been  led  by  the  study  of  the  human  eye,  which  he  con- 
ceived to  be  achromatic,  to  construct  achromatic  telescopes  as  early 
as  1729.  Mr.  Hall,  however,  kept  his  invention  a  secret.  David 
Gregory,  in  his  Catoptrics  (1713),  had  suggested  that  it  would  perhape 
be  an  improvement  of  telescopes,  if,  in  imitation  of  the  human  eye, 
the  object-glass  were  composed  of  different  media.  Encyc,  Brit,  art 
Optics, 

It  is  said  that  Clairaut  first  discovered  the  irrationality  of  the 
colored  spaces  in  the  spectrum.  In  consequence  of  this  irrationalityi 
it  follows  that  when  two  refracting  media  arc  so  combined  as  to  cor- 
rect each  other's  extreme  dispersion,  (the  separation  of  the  red  and 
violet  rays,)  this  first  step  of  correction  still  leaves  a  residue  of  colora- 


*  The  discovery  of  ihe  fixed  lines  in  the  spectrum,  by  "Wollaston  and  Fraon- 
hofer,  has  more  recently  supplied  the  means  of  determining,  with  extreme 
accuracy,  the  corresponding  portions  of  the  spectrum  in  different  refracting 
vubstoncea 
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tioB,  arising  from  the  unequal  dispersion  of  the  intermediate  niys  (the 
green,  Ac).  These  outstanding  colors,  as  they  were  termed  by  Profes- 
sor Eobison,  form  the  residual,  or  secondary  spectrum. 

Dr.  Blair,  by  very  ingenious  devices,  succeeded  in  producing  an 
ol^ect-glass,  corrected  by  a  fluid  lens,  in  which  this  aberration  of 
color  was  completely  corrected,  and  which  performed  wonderfully 
well 

Hie  dispersion  produced  by  a  prism  may  be  corrected  by  another 
prm  of  the  same  substance  and  of  a  different  angle.  In  this  case 
also  there  is  an  irrationality  in  the  colored  spaces,  which  prevents  the 
correction  of  color  from  being  complete  ;  and  hence,  a  new  residuary 
spectrom,  which  has  been  called  the  tertiary  spectrum,  by  Sir  David 
Brewster,  who  first  noticed  it. 

I  have  omitted,  in  the  notice  of  discoveries  respecting  the  spectrum, 
many  rcmarlkable  trains  of  experimental  research,  and  especially  the 
investigations  respecting  the  power  of  various  media  to  absorb  the  light 
of  different  parts  of  the  spectrum,  prosecuted  by  Sir  David  Brewster 
with  extraordinary  skill  and  sagacity.  The  observations  arc  referred 
to  in  chapter  iii.  Sir  John  Ilcrsclicl,  Prof.  Miller,  Mr.  Daniel,  Dr. 
Faraday,  and  Mr.  Talbot,  have  also  contributed  to  this  part  of  our 
bowledge.] 


CnAPTER  V. 

Discovery  of  the  Laws  of  Double  Refraction. 

niHE  laws  of  refraction  which  we  have  hitherto  described,  were  sim- 
•*•  pic  and  uniform,  and  had  a  symmetrical  reference  to  the  surface 
of  tlie  refracting  medium.  It  appeared  strange  to  men,  when  their 
attention  was  drawn  to  a  class  of  phenomena  in  which  this  symmetry 
was  wanting,  and  in  which  a  refraction  took  place  which  was  not  even 
in  the  plane  of  incidence.  The  subject  was  not  unworthy  the  notice 
and  admiration  it  attracted ;  for  the  prosecution  of  it  ended  in  the  dis- 
covery of  the  general  laws  of  light.  The  phenomena^of  which  I  now 
speak,  are  those  exhibited  by  various  kinds  of  crystalline  bodies ;  but 
obsencd  for  a  long  time  in  one  kind  only,  namely,  the  rhombohedral 
calc-spar ;  or,  as  it  was  usually  termed,  from  the  country  which  sup- 
plied the  largest  and  clearest  crystals,  Iceland  spar.     These  rhonibo- 
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hcdral  crystals  arc  usually  very  smooth  and  transparent,  and  often  o 
considerable  size ;  and  it  was  observed,  on  looking  through  them,  du 
all  objects  appeared  double.  The  phenomena,  even  as  early  as  1601 
had  been  considered  so  curious,  that  Erasmus  Bartholin  published 
work  upon  them  at  Copenhagen,*  (Experimenta  Cry»talli  Itlandk 
Ilafnisc,  1G09.)  lie  analysed  the  phenomena  into  their  laws,  so  fi 
as  to  discover  that  one  of  the  two  images  was  produced  by  refractio 
after  the  usual  rule,  and  the  other  by  an  unusual  refraction.  This  Is 
tcr  refraction  Bartholin  found  to  vary  in  different  positions;  to  I 
regulated  by  a  lino  parallel  to  the  sides  of  the  rhombohedron ;  -and  1 
bo  greatest  in  the  direction  of  a  line  bisecting  two  of  the  angles  of  di 
rhombic  face  of  the  cr}^stal. 

These  rules  were  exact  as  far  as  they  went ;  and  when  wo  considi 
how  geometrically  complex  the  law  is,  which  really  regulates  tl 
unusual  or  extraordinary  refraction  ; — tliat  Newton  altogether  inistoQ 
it,  and  that  it  was  not  verified  till  the  experiments  of  Hauy  and  Wo 
laston  in  our  own  time ; — we  might  expect  that  it  would  not  be  soc 
or  easily  detected.  But  Iluyghens  possessed  a  key  to  the  secret,  i 
the  tlieory,  which  he  had  devised,  of  the  propagation  of  light  by  m 
dulations,  and  which  he  conceived  with  perfect  distinctness  and  co 
rectnoss,  so  far  as  its  application  to  these  phenomena  is  conceme 
llonoe  ho  was  enabled  to  lay  down  the  law  of  the  phenomena  (tl 
only  part  of  his  discovery  which  we  have  here  to  consider),  with 
precision  and  success  >\hioh  excited  deserved  admiration,  when  tl 
subject,  at  a  much  later  perioil,  regained  its  due  share  of  attentio 
His  IVatise  was  written'  in  1C78,  but  not  published  till  1690. 

The  laws  of  the  ordinary  and  the  extraordinary  refraction  in  Ic 
land  s|xir  are  related  to  each  other ;  they  are,  in  fact,  similar  constni 
tiiuks  made,  in  the  one  case,  by  moans  of  an  imaginary  sphere,  in  tl 
other,  by  moans  of  a  spheroid  :  the  spheroid  Wing  of  such  oblatene 
as  to  suit  the  rhomWheilral  fonn  of  the  crystal,  and  the  axis  of  tl 
sphorv^id  Iving  the  axis  of  symmetry  of  the  or}-stal.  Iluyghens  fi 
lowed  this  gononil  oonooption  into  |\\rticular  positions  and  condition 
and  thus  obtainivl  rules*  which  ho  oomj\iroil  with  observation,  for  en 
ting  the  crystal  and  transmittiuj;  the  rays  in  various  manners.  * 
have  oxaminovi  in  dolail^  s^us  ho,'  "  iho  pT^^jvnios  of  the  cxtraon 


*  lVic*Uoy  »  Optict,  \\  *Wv\  *  Sc<»  hi*  TraiU  Sr  U  Luaii'rc    Preface. 


LAWS  OP  DOUBLE  REFRACTION.  71 

nary  refraction  of  this  crystal,  to  sec  if  each  phenomenon  which  is 
dedaced  from  theory,  would  agree  with  what  is  really  obsen^ed.  And 
this  being  so,  it  is  no  slight  proof  of  the  truth  of  our  suppositions  and 
principles ;  but  what  I  am  going  to  add  here  confirms  them  still  mon 
wonderfully ;  that  is,  the  different  modes  of  cutting  this  crystal,  in 
which  the  surfaces  produced  give  rise  to  refractions  exactly  such  as 
they  ought  to  be,  and  as  I  had  foreseen  them,  according  to  the  pre- 
ceding theory." 

Statements  of  this  kind,  coming  from  a  philosopher  like  HuygTiens, 
were  entitled  to  great  confidence ;  Newton,  however,  appears  not  to 
have  noticed,  or  to  have  disregarded  them.  In  his  Opticks,  he  gives  a 
rule  for  the  extraordinary  refraction  of  Iceland  spar  which  is  alto- 
gether erroneous,  without  assigning  any  reason  for  rejecting  the  law 
published  by  Huyghens ;  and,  so  far  as  appears,  without  baving  made 
any  experiments  of  his  own.  The  Iluyghcnian  doctrine  of  double 
refraction  fell,  along  with  his  theory  of  undulations,  into  temporary 
neglect,  of  which  we  shall  have  hereafter  to  speak.  But  in  1788, 
HaQv  showed  that  Iluyghens's  rule  agreed  much  better  than  Newton's 
with  tlic  phenomena :  and  in  1802,  Wollaston,  applying  a  method 
of  his  own  for  measuring  refniction,  came  to  the  same  result.  "He 
made,"  gays  Young,*  "  a  numbor  of  accurate  experiments  with  an  appa- 
ratus singularly  well  calculated  to  examine  the  phenomena,  but  could 
find  no  general  principle  to  connect  them,  until  the  work  of  Huy- 
ghens was  pointed  out  to  him."  In  1S08,  the  subject  of  double  refrac- 
tion was  proposed  as  a  prize-question  by  the  French  Institute ;  and 
Mains,  whose  Memoir  obtained  the  prize,  says,  "  I  began  by  obser\'ing 
and  measuring  a  long  series  of  phenomena  on  natural  and  artificial 
faces  of  Iceland  spar.  Then,  testing  by  means  of  these  observations 
the  different  laws  proposed  up  to  the  present  time  by  physical  writers, 
I  was  struck  with  the  admirable  agreement  of  the  law  of  Iluyghens 
with  the  phenomena,  and  I  was  soon  convinced  that  it  is  really  the 
law  of  nature."  Pursuing  the  consequences  of  the  law,  he  found  that 
It  satisfied  phenomena  which  Iluyghens  himself  had  not  observed. 
From  this  time,  then,  the  truth  of  the  Iluyghenian  law  was  universally 
allowed,  and  soon  afterwards,  the  theory  by  which  it  had  been  sug- 
gested was  generally  received. 

The  property  of  double  refraction  had  been  first  studied  only  in  Ice- 
•;ind  spar,  in  whicli  it  is  very  obvious.     The  same  property  belongs, 
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though  less  conspicuously,  to  many  other  kinds  of  crystals.  Huy- 
ghens  had  noticed  the  same  fact  in  rock-crystal  ;*  and  Malus  found  it 
to  belong  to  a  large  list  of  bodies  besides ;  for  instance,  arragonite, 
sulphate  of  lime,  of  baryta,  of  strontia,  of  iron ;  carbonate  of  lead ; 
zircon,  corundum,  cymophane,  emerald,  euclase,  felspar,  mesotype,  peri- 
dote,  sulphur,  and  mellite.  Attempts  were  made,  with  imperfect  suc- 
cess, to  reduce  all  these  to  the  law  which  had  been  established  for  Ice- 
land spar.  In  the  first  instance,  Malus  took  for  granted  that  the  extra- 
ordinary refraction  depended  always  upon  an  oblat«  spheroid  ;  but  M, 
Biot*  pointed  out  a  distinction  between  two  classes  of  crystals  in 
which  this  spheroid  was  oblong  and  oblate  respectively,  and  these  he 
called  attractive  and  repulsive  crystals.  With  this  correction,  the  law 
could  be  extended  to  a  considerable  number  of  cases ;  but  it  was  after- 
wards proved  by  Sir  D.  Brewster's  discoveries,  Uiat  even  in  this  form, 
t  belonged  only  to  substances  of  which  the  crystallization  has  relation 
to  a  single  axis  of  symmetry,  as  the  rhombohedron,  or  the  square 
pyramid.  In  other  cases,  as  the  rhombic  prism,  in  which  the  fomiy 
considered  with  reference  to  its  crystalline  symmctr}-,  is  hiaxal^  the  law 
is  much  more  complicated.  In  that  case,  the  sphere  and  tlie  sphe-' 
roid,  which  are  used  in  the  construction  for  uniaxal  crystals,  transfonn 
themselves  into  the  two  successful  convolutions  of  a  single  continuous 
curve  surface;  neither  of  the  two  rays  follows  the  law  of  ordinary 
refraction ;  and  the  formula  which  determines  their  position  is  very 
complex.  It  is,  however,  capable  of  being  tested  by  measures  of  the 
refractions  of  crystals  cut  in  a  peculiar  manner  for  the  purpose,  and 
this  was  done  by  MM.  Fresnel  and  Arago.  But  this  complex  law  of 
double  refraction  was  only  discovered  through  the  aid  of  the  theory  of 
tt  luminiferous  ether,  and  therefore  we  must  now  return  to  the  other 
facts  which  led  to  such  a  theory. 


F 


CHAITER  VI. 

Discovery  of  the  Laws  of  Polarization. 

the   Extraordinary   Refraction   of   Iceland   spar    had   appeared 
strange,   another  phenomenon   was   soon   noticed   in   the  same 
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substance,  which  appeared  stranger  still,  and  which  in  the  sequel  was 
found  to  he  no  less  important  I  speak  of  the  facts  which  were 
afterwards  described  under  the  term  Polarization.  Huyghens  was 
the  discoverer  of  this  class  of  facts.  At  the  end  of  the  treatise  whicl 
we  have  already  quoted,  he  says,*  "  Before  I  quit  the  subject  of  this 
OTstal,  I  will  add  one  other  Inarvellous  phenomenon,  which  I  have 
discovered  since  writing  the  above ;  for  though  hitherto  I  have  not 
been  able  to  find  out  its  cause,  I  will  not,  on  that  account,  omit  point- 
ing it  out^  that  I  may  gjve  occasion  to  others  to  examine  it."  He 
then  states  the  phenomena;  which  arc,  that  when  two  rhombohe- 
drons  of  Iceland  spar  are  in  parallel  positions,  a  ray  doubly  refracted 
by  the  first,  is  not  further  divided  when  it  falls  on  the  second  :  the 
ordinarily  refracted  ray  is  ordinarily  refracted  only,  and  the  extra- 
ordinary ray  is  only  extraordinarily  refracted  by  the  second  crystal, 
neither  ray  being  doubly  refracted.  The  same  is  still  the  case,  if  the  two 
crystals  have  their  principal  plants  parallel,  though  they  themselves 
are  not  parallel.  But  if  the  principal  plane  of  the  second  crystal  be 
perpendicular  to  that  of  the  first,  the  reverse  of  what  has  been  described 
takes  place;  the  ordinarily  refracted  ray  of  the  fii-st  crystal  suffers, 
at  the  second,  extraordinary  refraction  only,  and  the  extraordinary  ray 
of  the  first  suffers  ordinary  refraction  only  at  the  second.  Thus,  in 
each  of  these  positions,  the  double  refraction  of  each  ray  at  the 
second  crystal  is  reduced  to  single  rdi'action,  though  in  a  different 
manner  in  the  two  cases.  But  in  any  other  position  of  the  crystals, 
each  ray,  produced  by  the  first,  is  doubly  refracted  by  the  second,  so 
as  to  produce  four  rays. 

A  step  in  the  right  conception  of  these  phenomena  was  made  by 
^^ewton,  in  the  second  edition  of  his  Optlcks  (IVIY).  lie  represent- 
ed tbein  as  resulting  from  this  ; — that  the  rays  of  light  have  "  sides,'' 
and  that  they  undergo  the  ordinary  or  extraordinary  refraction,  accor- 
<ling  as  these  sides  are  parallel  to  the  principal  plane  of  the  crystal, 
or  at  right  angles  to  it  (Query  2G).  In  this  way,  it  is  clear,  that 
those  rays  which,  in  the  first  crystal,  had  been  selected  for  extraordi- 
nary refraction,  because  their  sides  were  perpendicular  to  the  principal 
plane,  would  all  suffer  extraordinary  refraction  at  the  second  crystal 
for  the  same  reason,  if  its  principal  plane  were  parallel  to  that  of  the 
first;  and  would  all  suffer  ordinary  refraction,  if  the  principal  plane 
of  the  second  crystal  were  perpendicular  to  that  of  the  fii'st,  and  con- 


»  TV.  Opt.  p.  252. 


74  HISTORY  OP  OPTICS. 

sequently  parallel  to  the  sides  of  the  refracted  ray.  This  view  of  th# 
subject  includes  some  of  the  leading  features  of  the  case,  but  sti]] 
leaves  several  considerable  diflSculties. 

No  material  advance  was  made  in  the  subject  till  it  was  taken  up 
by  Mains,"  along  with  the  other  circumstances  of  double  refractioii, 
about  a  hundred  years  aftenvards.  He  verified  what  had  been  ob- 
served by  Huyghens  and  Newton,  on  the  subject  of  the  variations 
which  light  thus  exhibits ;  but  he  discovered  that  this  modification,  in 
virtue  of  which  light  undergoes  the  ordinarj'^,  or  the  extraordinary, 
refraction,  according  to  the  position  of  the  pkme  of  the  crystal,  may 
be  impressed  upon  it  many  other  ways.  One  part  of  this  discovery 
was  made  accidentally.*  In  1808,  Malus  happened  to  be  observing 
the  light  of  the  setting  sun,  reflected  from  the  windows  of  the  Luxem- 
bourg, through  a  rhombohcdron  of  Iceland  spar ;  and  he  observed 
that  in  turning  round  the  crystal,  the  two  images  varied  in  their 
intensity.  Neither  of  the  images  completely  vanished,  because  the 
light  from  the  windows  was  not  properly  modified,  or,  to  use  the  term 
which  Malus  soon  adoptod,  was  not  completely  polarized.  The  com- 
plete polarization  of  light  by  reflection  from  glass,  or  any  other  trans 
parent  substance,  was  found  to  take  place  at  a  certain  definite  angle, 
different  for  each  substance.  It  was  found  also  that  in  all  crystals  in 
which  double  refraction  occurred,  the  separation  of  the  refracted  rays 
was  accompanied  by  polarization ;  the  two  rays,  the  ordinary  and  the 
extraordinary,  being  always  polarized  oppositely^  that  is,  in  planes  at 
right  angles  to  each  other.  The  term  poles,  used  by  Malus,  conveyed 
nearly  the  same  notion  as  the  term  sides  which  had  been  employed  by 
Newton,  with  the  additional  conception  of  a  property  which  appeared 
or  disappeared  according  as  the  poles  of  the  particles  were  or  were 
not  in  a  certain  direction ;  a  property  thus  resembling  the  polarity  of 
mr^netic  bodies.  When  a  spot  of  polarized  light  is  looked  at  through 
a  transparent  crystal  of  Iceland  spar,  each  of  the  two  images  produced 
by  the  double  refraction  varies  in  brightness  as  the  crystal  is  turned 
round.  If,  for  the  sake  of  example,  we  suppose  the  crystal  to  be 
turned  round  in  the  direction  of  the  points  of  the  compass,  N,  E,  S, 
W,  and  if  one  image  be  brightest  when  the  crystal  marks  N  and  S, 
it  will  disappear  when  the  crystal  marks  E  and  W  :  and  on  the  con- 
trary, the  second  image  will  vanish  when  the  cr)'stal  marks  N  and  8, 
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and  will  be  brightest  when  the  crystal  marks  E  and  W.  The  first  oi 
these  images  is  polarized  in  the  plane  NS  passing  through  the  ray, 
aad  the  second  in  the  plane  EW,  perpendicular  to  the  other.  And 
these  rays  are  oppositely  polarized.  It  was  further  found  that  whether 
the  ray  were  polarized  by  reflection  from  glass,  or  from  water,  or  by 
double  refraction,  the  modification  of  light  so  produced,  or  the  nature 
of  the  polarization,  was  identical  in  all  these  cases  ; — that  the  alterna- 
tives of  ordinary  and  extraordinary  refraction  and  non-refraction,  were 
the  same,  by  whatever  crystal  they  were  tested,  or  in  whatever  manner 
the  polarization  had  been  impressed  upon  the  light ;  in  shorty  that  the 
property,  when  once  acquired,  was  independent  of  everything  except 
the  sides  ot  poles  of  the  ray  ;  and  thus,  in  1811,  the  term  "polariza- 
tion "  was  introduced.* 

ITiis  being  the  state  of  the  subject,  it  became  an  obvious  question, 
by  what  other  means,  and  according  to  what  laws,  this  property  was 
communicated.  It  was  found  that  some  crystals,  instead  of  giving, 
by  double  refraction,  two  images  oppositely  polarized,  give  a  single 
polarized  image.  This  property  was  discovered  in  the  agate  by  Sir 
D.  Brewster,  and  in  tourmaline  by  M.  Biot  and  Dr.  Seebeck.  The 
hiU;T  mineral  became,  in  consequence,  a  very  convenient  part  of  the 
apparatus  used  in  such  observations.  Various  peculiarities  bearing 
upon  this  subject,  were  detected  by  different  experimenters.  It  was  in 
a  short  time  discovered,  that  light  might  be  polarized  by  refraction,  as 
well  as  by  reflection,  at  the  surface  of  uncrystallized  bodies,  as  glass ; 
the  plane  of  polarization  being  perpendicular  to  the  plane  of  refrac- 
tion; further,  that  when  a  portion  of  a  ray  of  light  was  polarized  by 
reflection,  a  corresponding  portion  was  polarized  by  transmission,  the 
planes  of  the  two  polarizations  being  at  right  angles  to  each  other.  It 
was  found  also  that  the  polarization  which  was  incomplete  with  a 
single  plate,  either  by  reflection  or  refraction,  might  be  made  more  and 
more  complete  by  increasing  the  number  of  plates. 

Among  an  accumulation  of  phenomena  like  this,  it  is  our  business 
to  inquire  what  general  laws  were  discovered.  To  make  such  dis- 
coveries without  possessing  the  general  theory  of  the  facts,  required 
no  ordinary  sagacity  and  good  fortune.  Yet  several  laws  were  detected 
at  this  stage  of  the  subject.  Malus,  in  1811,  obtained  the  important 
generalization  that,  whenever  we  obtain,  by  any  means,  a  polarized 
ray  of  light,  we  produce  also  another  ray,  polarized  in  a  contrary 
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direction  ;  thus  -when  reflection  gives  a  polarized  ray,  the  ccmpanion* 
ray  is  refracted  polarized  oppositely,  along  with  a  quantity  of  unpolar* 
ized  light.  And  we  must  particularly  notice  Sir  D,  Brewster's  rule 
for  the  polarizing  angle  of  different  bodies. 

Malus*  had  said  that  the  angle  of  reflection  from  transparent  bodies 
which  most  completely  polarizes  the  reflected  ray,  does  not  follow  any* 
discoverable  rule  with  regard  to  the  order  of  refractive  or  dispersive 
powers  of  the  substanc'es.  Yet  the  rule  was  in  reality  very  simple. 
In  1815,  Sir  D.  Brewster  stated*  as  the  law,  which  in  all  cases  deter- 
mines this  angle,  that  "  the  index  of  refi-action  is  the  tangent  of  the 
angle  of  polarization."  It  follows  from  this,  that  the  polarization  takes 
place  when  the  reflected  and  refracted  rays  are  at  right  angles  to  each 
other.  This  simple  and  elegant  rule  has  been  fully  confirmed  by  all 
subsequent  observations,  as  by  those  of  MM.  Biot  and  Seebeck ;  and 
must  be  considered  one  of  the  happiest  and  most  important  discoveries 
of  the  laws  of  phenomena  in  Optics. 

The  rule  for  polarization  by  one  reflection  being  thus  discovered, 
tentative  formula)  were  proposed  by  Sir  D.  Brewster  and  M.  Biot,  for 
the  cases  in  which  several  reflections  or  refractions  take  place.  Fresnel 
also  in  1817  and  1818,  traced  the  effect  of  reflection  in  modifying  the 
direction  of  polarization,  which  Malus  had  done  inaccurately  in  1810. 
But  the  complexity  of  the  subject  made  all  such  attempts  extremely 
precarious,  till  the  theory  of  the  phenomena  was  understood,  a  period 
which  now  comes  under  notice.  The  laws  which  we  have  spoken  of 
were  important  materials  for  the  establishment  of  the  theory ;  but  in 
the  mean  time,  its  progress  at  first  had  been  more  forwarded  by  some 
other  classes  of  facts,  of  a  different  kind,  and  of  a  longer  standing 
notoriety,  to  which  we  must  now  turn  our  attention. 


CHAPTER  VII. 
Discovery  of  the  Laws  of  the  Colours  of  Thin  Plates. 

THE  facts  which  we  have  now  to  consider  are  remarkable,  inasmuch 
as  the  colours  are  produced  merely  by  the  smallncss  of  dimensions 
of  the  bodies  employed.     The  light  is  not  analysed  by  any  peculiar 
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property  of  the  substances,  but  dissected  by  the  minuteness  of  their 
parts.  On  this  account,  these  pRenomena  give  very  important  indica- 
tions of  the  real  structure  of  light ;  and  at  an  early  period,  suggestcG 
views  which  are,  in  a  great  measure,  just. 

flooke  appears  to  be  the  first  person  who  made  any  progress  in  dis- 
coTering  the  laws  of  the  colors  of  thin  plates.  In  his  Micrograpkku, 
printed  by  the  Royal  Society  in  1664,  he  describes,  in  a  detailed  and 
systematic  manner,  several  phenomena  of  this  kind,  which  he  calls 
"fiuitastical  colors."  He  examined  them  in  Muscovy  glass  or  mica, 
a  transparent  mineral,  which  is  capable  of  being  split  into  the  exceed- 
ingly thin  films  which  are  requisite  for  such  colors ;  he  noticed  them 
alEo  in  the  fissures  of  the  same  substance,  in  bubbles  blown  of  water, 
rosin,  gum,  glass ;  in  the  films  on  the  surface  of  tempered  steel ;  be- 
tween two  plane  pieces  of  glass ;  and  in  other  cases.  He  perceived 
ilso,*  that  the  production  of  each  color  required  a  plate  of  determi- 
nate thickness,  and  he  employed  this  circumstance  as  one  of  the 
grounds  of  his  theory  of  light. 

Newton  took  up  the  subject  where  Ilookc  had  left  it ;  and  followed  it 
out  with  hb  accustomed  skill  and  clearness,  in  his  Discoicrse  on  Light 
and  Colors^  communicated  to  the  Royal  Society  in  16*75.  lie  deter 
mined,  what  Ilookc  had  not  ascertained,  the  thickness  of  the  film 
which  was  requisite  for  the  production  of  each  color ;  and  in  this 
way  explained,  in  a  complete  and  admirable  manner,  the  colored 
rings  which  occur  when  two  lenses  are  pressed  together,  and  the  scale 
of  color  which  the  rings  follow  ;  a  step  of  the  more  consequence,  as 
the  same  scale  occurs  in  many  other  optical  phenomena. 

It  is  not  our  business  here  to  state  tlic  hypothesis  with  regard  to  the 
properties  of  light  which  Xewton  founded  on  these  facts ; — the  "  fits  a 
easy  transmission  and  reflection."  We  shall  see  hereafter  that  hiis 
attempted  induction  was  imperfect ;  and  his  endeavor  to  account,  by 
means  of  the  laws  of  thin  plates,  for  the  colors  of  natural  bodies,  is  alto- 
gether unsatisfactory.  But  notwithstanding  these  failures  in  the  specu- 
lations on  -this  subject,  he  did  make  in  it  some  very  important  steps  ; 
for  he  clearly  ascertained  that  when  the  thickness  of  the  plate  wa« 
about  1-1 78000th  of  an  inch,  or  three  times,  five  times,  seven  times 
that  magnitude,  there  was  a  bright  color  produced ;  but  bhackness, 
when  the  thickness  was  exactly  intermediate  between  those  magni- 
tudes.   He  found,  also,  that  the  thicknesses  which  gave  red  and  vio- 
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tet*  were  as  fourteen  to  nine ;  and  the  intermediate  colon  of  coiu«e 
i'orresponded  to  intermediate  thicknesses,  and  therefore,  in  His  appara- 
tua»  consisting  of  two  lenses  pressed  together,  iqppeared  as  rings  of 
intenuiHliate  sizes.  Uis  mode  of  confirming  the  role,  by  throwing 
upiU)  this  apparatus  differently  colored  homogeneous  light,  is  striking 
and  elegants  "  It  was  very  pleasant,"  he  says^  "  to  see  the  rings  gr»- 
dually  swell  and  contract  as  the  color  of  the  light  was  changed," 

It  is  not  necessary  to  enter  fiirther  into  the  detail  of  these  pHeno- 
mona,  or  to  notice  the  rings  seen  by  transmission,  and  other  circom- 
stanoos.  The  important  step  made  by  Ncwix>n  in  this  matter  was,  the 
showing  that  the  rays  of  lights  in  these  experiments,  as  thej  pass 
ouwanls  go  periodically  through  certain  cycles  of  modification,  each 
jvriiHl  iH*oupying  nearly  the  small  fraction  of  an  inch  mentioned 
alH>Yo ;  and  this  interval  being  different  for  different  colors.  Although 
Now  ton  did  not  correctly  disentangle  the  conditions  under  which  this 
jH^riodioal  character  is  manifestly  disclosed,  the  discovery  that,  under 
ik»mo  oircinnstanccs,  such  a  periodical  character  does  exists  ^yas  likely 
to  influence,  and  did  influence,  materially  and  beneficially,  the  subse- 
quent jirogross  of  Optics  towards  a  connected  theory. 

Wo  must  now  trace  this  progress;  but  before  we  proceed  to  this 
taak,  wo  will  briefly  notice  a  number  of  optical  phenomena  which  had 
\>oon  collected,  and  which  waited  for  the  touch  of  sound  theory  to 
introduce  among  them  that  rule  and  order  which  mere  observation 
had  sought  for  in  vain. 


CHAPTER  VIII. 

AlTKMl'TS  TO  DISCOVER  THE  L\W8  OF  OTHER  PHENOMENA. 

4^11  K  |»houonuma  which  result  from  optical  combinations,  even  of  a 
I  s-vMuj^oiaivoly  biniplo  nature,  are  extremely  complex.  The  theory 
wKwh  U  u\»w  kui>wn  accounts  for  these  results  with  the  most  curious 
o.vwtuv-^  uiul  points  out  the  laws  which  pervade  the  apparent  confu- 
!»jv^u;  UuV  \>ilhout  thin  key  to  the  appearances,  it  was  scarcely  possible 
uiui  Auv  vulo  ov  orvlor  hhould  be  detected.     The  undertaking  was  of 
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the  same  kind  as  it  would  have  been,  to  discover  all  the  incqualiticB  of 
the  mooD's  motion  without  the  aid  of  the  doctrine  of  gravity.  We 
will  eDomerate  some  of  the  phenomena  which  thus  employed  and 
perplexed  the  cultivators  of  optics. 

The  fringes  of  shadows  were  one  of  the  most  curious  and  noted  of 
such  classes  of  facts.  These  were  first  remarked  by  Griraaldi*  (16G5), 
and  referred  by  him  to  a  property  of  light  which  he  called  Diffraction, 
When  shadows  are  made  in  a  dark  room,  by  light  admitted  through  a 
very  small  hole,  these  appearances  are  very  conspicuous  and  beautiful. 
Ilooke,  in  1672,  communicated  similar  observations  to  the  Royal 
Society,  as  "  a  new  property  of  light  not  mentioned  by  any  optical 
writer  before ;"  by  which  we  see  that  he  had  not  heard  of  Grimaldi's 
experiments.  Newton,  in  his  Opticks,  treats  of  the  same  phenomena, 
which  he  ascribes  to  the  inflexion  of  the  rays  of  light.  He  asks  (Qu. 
3),  "  Are  not  the  rays  of  light,  in  passing  by  tlie  edges  and  sides  of 
bodies,  bent  several  times  backward  and  forward  with  a  motion  like 
that  of  an  eel  f  And  do  not  the  three  fringes  of  colored  light  in  sha- 
dows arise  from  three  such  bondings  ?''  It  is  remarkable  that  Newton 
should  not  have  noticed,  that  it  is  impossible,  in  this  way,  to  account 
for  tJie  facts,  or  even  to  express  their  laws ;  since  the  light  which  pro- 
duces the  fringes  must,  on  this  thcon",  be  propagated,  even  after  it 
leaves  the  neighborhood  of  the  opakc  body,  in  curves,  and  not  in  straight 
lines.  Accordingly,  all  who  have  taken  up  Newton's  notion  of  inflex- 
ion, have  inevitably  failed  in  giving  anj-thing  like  an  intelligible  and 
coherent  character  to  these  phenomena.  This  is,  for  example,  the  case 
with  Mr.  (now  Jjovd)  Brougham's  attempts  in  the  Philosophical  Trans- 
actions  for  1796.  Tlie  same  may  be  said  of  other  experimenters,  as 
Mairan*  and  Du  Four,'  who  attempted  to  explain  the  facts  by  supposing 
an  atmosphere  al>out  the  opake  body.  Several  authors,  as  Maraldi,* 
and  Coniparetti,*  repeated  or  varied  these  experiments  in  different 
ways. 

Newton  had  noticed  certain  rings  of  color  produced  by  a  glass  spocii- 
1am,  which  he  called  "colors  of  thick  plates,"  and  which  he  attempted 
to  connect  with  the  colors  of  thin  plates.  His  reasoning  is  by  no 
means  satisfactory ;  but  it  was  of  use,  by  pointing  out  this  as  a  case  in 
which  his  "fits"  (the  small  periods,  or  cycles  in  the  rays  of  light,  of 


*  Phynco-Matheiin^  de  Luminc,  Cohribus  et  Iridc.     I>ologna,  1665. 
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which  we  have  spoken)  continued  to  occur  for  a  considerable  length 
of  the  ray.  But  other  persons,  attempting  to  repeat  his  experiments^ 
ronfounded  with  them  extraneous  phenomena  of  other  kinds;  as  the 
Due  de  Chaulncs,  who  spread  mushn  before  his  mirror,*  and  Dr. 
Ilorschel,  who  scattered  hair-powder  before  his/  The  colors  prodaced 
l»y  the  muslin  were  those  belonging  to  shadows  of  gratings^  after- 
wards examined  more  successfully  by  Fraunhofer,  when  in  possession 
•  »f  the  theory.  We  may  mention  here  also  the  colors  which  appear 
oil  finely-striated  surfaces,  and  on  mother-of-pearl,  feathers,  and  similar 
substances.  These  had  been  examined  by  various  persons  (as  Boyle, 
Mazeas,  Lord  Brougham),  but  could  still,  at  this  period,  be  only  looked 
upon  as  insulated  and  lawless  facts. 


CHAPTER  IX. 
Discovery  of  the  Laws  of  PnENOMENA  of  Dipolarized  Light. 

BESIDES  the  above-mentioned  perplexing  cases  of  colors  produced 
by  common  light,  cases  of  periodical  colors  produced  by  polar- 
ized  light  began  to  be  discovered,  and  soon  became  numerous.  In 
August,  1811,  M.  Arago  communicated  to  the  Institute  of  France  an 
account  of  colors  seen  by  passing  polarized  light  through  mica,  and 
analysing  *  it  with  a  prism  of  Iceland  spar.  It  is  remarkable  that  the 
light  which  produced  the  colors  in  this  case  was  the  light  polarized  by 
the  sky,  a  cause  of  polarization  not  previously  known.  The  effect 
which  the  mica  thus  produced  was  termed  depolarization; — not  a  very 
happy  term,  since  the  effect  is  not  the  destruction  of  the  polarization, 
but  the  combination  of  a  new  polarizing  influence  with  the  former. 
The  word  dipolarization,  which  has  since  been  proposed,  is  a  ranch 
more  appropriate  expression.  Several  other  curious  phenomena  of  the 
same  kind  were  observed  in  quartz,  and  in  flint-glass.  M.  Arago  was 
not  able  to  reduce  these  phenomena  to  laws,  but  he  had  a  full  convic- 
tion of  their  value,  and  ventures  to  class  them  with  the  great  steps  in 


•  Ac  Par.  1755.  ^  Phil.  Trans.  1807. 

*  The  prism  of  Iceland  spar  produces  the  colors  by  separating  the  transmit- 
ted rays  according  to  the  laws  of  double  refraction.  Hence  it  is  said  to  aiui- 
lysc  the  light 
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this  part  of  optics.  "  To  Bartholin  we  owe  the  knowledge  of  double 
refraction ;  to  Iluyglicns,  that  of  the  accompanying  polarization ;  to 
MaloSy  polarization  by  reflection ;  to  Arago,  depolarization."  Sir  D. 
Brewster  was  at  the  samo  time  engaged  in  a  similar  train  of  research ; 
and  made  discoveries  of  the  same  nature,  which,  though  not  pub- 
li^ed  till  some  time  after  those  of  Arago,  were  obtained  without  a 
knowledge  of  what  had  been  done  by  him.  Sir  D.  Brewster s  Trea- 
iUe  on  New  Pliilosophical  Instruments,  published  in  1813,  contains 
many  curious  experiments  on  the  "  depolarizing  "  properties  of  mine- 
rals. Both  these  observers  noticed  the  changes  of  color  which  are 
produced  by  changes  in  the  position  of  the  ray,  and  the  alternations 
of  color  in  the  two  oppositely  polarized  images ;  and  Sir  D.  Brewster 
discovered  that,  in  topaz,  the  phenomena  had  a  certain  reference  to 
lines  which  he  called  the  neutral  and  depolarizing  axes.  M.  Biot  had 
endeavored  to  reduce  the  phenomena  to  a  law  ;•  and  had  succeeded  so 
Car,  that  he  found  that  in  the  plates  of  sulphate  of  lime,  the  place  of 
the  tint,  estimated  in  Newton's  scale  (see  ante,  chap,  vii.),  was  as  the 
square  of  the  sine  of  the  inclination.  But  the  laws  of  these  pheno- 
mena became  much  more  obvious  wlicu  they  wore  observed  by  Sir  D. 
Brcwst<?r  with  a  larger  field  of  view.''  lie  found  that  the  colors  of 
topaz,  under  the  circumstances  now  described,  exhibited  themselves  in 
the  form  of  elliptical  rings,  crossed  by  a  black  bar,  "  the  most  brilliant 
class  of  phenomena,"  as  he  justly  says,  "  iu  the  whole  range  of  optics." 
In  1814,  also,  WoUaston  observed  the  circular  rings  with  a  black 
cross,  produced  by  similar  means  in  calc-spar;  and  M.  r>iot,  in  1815, 
made  the  same  observation.  The  rint^s  in  several  of  these  cases  were 
oarefiilly  measured  by  M.  Biot  and  Sir  1).  Brewster,  and  a  great  mjiss 
of  similar  phenomena  was  discovered.  These  were  added  to  by  various 
persons,  as  M.  Secbeck,  and  Sir  John  llei'schel. 

SirD.  Brewster,  in  1818,  discovered  a  general  relation  between  the 
crystalline  form  and  the  optical  properties,  which  gave  an  incalculable 
impulse  and  a  new  clearness  to  these  researches.  He  found  that  there 
was  a  correspondence  between  the  degree  of  symmetry  of  the  optical 
phenomena  and  the  crystalline  form  ;  those  crystals  which  arc  uniaxal 
in  the  crystallographical  sense,  are  also  uniaxal  in  their  optical  proper- 
ties, and  give  circular  rings ;  those  which  are  of  other  forms  are,  gene- 
rally speaking,  biaxal ;  they  give  oval  and  knotted  isockromatic  lines, 
with  two  poles.     He  also  discovered  a  rule  for  the  tint  at  each  point 
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in  such  cases ;  and  thus  explained,  so  far  as  an  empirical  law  of  phe- 
nomena went,  the  curious  and  various  forms  of  the  colored  curves. 
This  law,  when  simplified  by  M.  Biot,*  made  the  tint  proportional  to 
the  product  of  the  distances  of  the  point  from  the  two  poles.  In  the 
following  year,  Sir  J.  Ilcrschel  confirmed  this  law  by  showing,  from 
actual  measurement,  that  the  curve  of  the  isochroraatic  lines  in  these 
cases  was  the  curve  termed  the  lemniscata,  which  has,  for  each  point, 
the  product  of  the  distances  from  two  fixed  poles  equal  to  a  constant 
quantity.*  Ue  also  reduced  to  rule  some  other  apparent  anomalies  in 
phenomena  of  the  same  class. 

M.  Biot,  too,  gave  a  rule  for  the  directions  of  the  planes  of  polariza- 
tion of  the  two  rays  produced  by  double  refraction  in  biaxal  crystals, 
a  circumstance  which  has  a  close  bearing  upon  the  phenomena  of 
dipolarization.  His  rule  was,  that  the  one  plane  of  polarization  bisects 
the  dihedral  angle  formed  by  the  two  planes  which  pass  through  the 
optic  axes,  and  that  the  other  is  perpendicular  to  such  a  plane.  When, 
however,  Fresnel  had  discovered  from  the  theory  the  true  laws  of 
double  refraction,  it  appeared  that  the  above  rule  is  inaccurate,  although 
in  a  degree  which  observation  could  hardly  detect  without  the  aid  of 
theory.* 

There  were  still  other  classes  of  optical  phenomena  which  attracted 
notice ;  especially  those  which  are  exhibited  by  plates  of  quartz  cut 
perpendicular  to  the  axis.  M.  Arago  had  observed,  in  1811,  that  this 
substance  produced  a  twist  of  the  plane  of  polarization  to  the  right  or 
left  hand,  the  amount  of  this  twist  being  different  for  diff'erent  colors ; 
a  result  which  was  afterwards  traced  to  a  raodific.ition  of  light  differ- 
ent both  from  common  and  from  polarized  light,  and  subsequently 
known  as  circular  polarization.  Sir  J.  Ilcrschel  had  the  good  fortune 
and  sagacity  to  discover  that  this  peculiar  kind  of  polarization  in 
quartz  was  connected  with  an  equally  peculiar  modification  of  crystal- 
lization, the  plagihedral  faces  which  are  seen,  on  some  crystals, 
obliquely  disposed,  and,  as  it  were,  following  each  other  round  the 
crystal  from  left  to  right,  or  from  right  to  left.  Sir  J.  Herschel  found 
that  the  right-handed  or  hft-handcd  character  of  the  circular  polariza- 
tion corresponded,  in  all  cases,  to  that  of  the  crystal. 

In  1815,  M.  Biot,  in  his  researches  on  the  subject  of  circular  polari* 
cation,  was  led  to  the  unexpected  and  curious  discovery,  that  this  pro- 
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perty,  which  seemed  to  require  for  its  very  conception  a  crystalline 
ilnictare  in  the  body,  belonged  nevertheless  to  several  fluids,  and  in 
difierent  directions  for  different  fluids.  Oil  of  turpentine,  and  an 
essential  oil  of  laurel,  gave  the  plane  of  polarization  a  rotation  to  the 
left  hand ;  oil  of  citron,  syrup  of  sugar,  and  a  solution  of  camphor, 
^ve  a  rotation  to  the  right  hand.  Soon  after,  the  like  discovery  was 
made  independently  by  Dr.  Seebeck,  of  Berlin. 

It  will  easily  be  supposed  that  all  these  brilliant  phenomena  could 
not  be  observed,  and  the  laws  of  many  of  the  phenomena  discovered, 
without  attempts  on  the  part  of  philosophers  to  combine  them  all 
under  the  dominion  of  some  wide  and  profound  thcor}'.  Endeavors 
to  ascend  from  such  knowledge  as  we  have  spoken  of,  to  the  general 
theory  of  light,  were,  in  fact,  made  at  every  stage  of  the  subject,  and 
with  a  success  which  at  last  won  almost  all  sufi*ragcs.  We  are  now 
arrived  at  the  point  at  which  we  are  called  upon  to  trace  the  history 
of  this  theory ;  to  pass  from  the  laws  of  phenomena  to  their  causes ; — 
from  Formal  to  Physical  Optics.  The  undulatoiy  theory  of  light,  the 
only  discovery  which  can  stand  by  the  side  of  the  theory  of  universal 
gravitation,  as  a  doctrine  belonging  to  the  same  order,  for  its  genc- 
raJitr,  its  fertility,  and  its  certainty,  may  properly  be  treated  of  with 
that  ceremony  which  we  have  hitherto  bestowed  only  on  the  great 
advances  of  astronomy ;  and  I  shall  therefore  now  proceed  to  speak  of 
the  Prelude  to  this  epoch,  the  Epoch  itself,  and  its  Sequel,  according 
to  the  form  of  the  preceding  Book  which  treats  of  astronomy. 

[2nd  Ed.]  [I  ought  to  have  stated,  in  the  beginning  of  this  chapter, 
that  Malus  discovered  the  depolarization  of  white  light  in  1811.  lie 
found  that  a  pencil  of  light  which,  being  polarized,  refused  to  be 
reflected  by  a  surface  properly  placed,  recovered  its  power  of  being 
reflected  after  being  transmitted  through  certain  crystals  and  other 
transparent  bodies.  Malus  intended  to  pursue  this  subject,  when  his 
researches  were  terminated  by  his  death,  Feb.  V,  1812.  M.  Arago, 
about  the  same  time,  announced  his  important  discovery  of  the  depo- 
larization of  colors  by  cr}'stals. 

I  may  add,  to  what  is  above  said  of  M.  Biot's  discoveries  respecting 
the  circular  polarizing  power  of  fluids,  that  he  pursued  his  researches 
so  as  to  bring  into  view  some  most  curious  relations  among  the  ele- 
ments of  bodies.  It  appeared  that  certain  substances,  as  sugar  of 
canes,  had  a  right-handed  effect,  and  certain  other  substances,  as  gum, 
a  left-handed  effect;  and  that  the  molecular  value  of  this  eff'ect  was 
not  altered  by  dilution.    It  appeared  also  that  a  certain  element  of  the 
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sabstance  of  fruits,  which  had  been  sapposed  to  be  gam,  and  which  u 
changed  into  sugar  by  the  operation  of  acids,  is  not  gum,  and  has  a 
very  energetic  right-handed  effect  This  substance  M.  Biot  called 
dextrine,  and  ho  has  since  traced  its  effects  into  many  highly  cnriciiB 
and  important  results. 


PHYSICAL    OPTICS. 


CHAPTER  X. 
Prsludb  to  the  Epoch  of  Young  and  Frbsnel. 

BY  Physical  Optics  we  mean,  as  has  already  been  stated,  the  theo- 
ries which  explain  optical  phenomena  on  mechanical  principles. 
No  such  explanation  conld  be  given  till  true  mechanical  principles  had  ^ 
been  obtained ;  and,  accordingly,  we  must  date  the  commencement  of  *" 
the  essays  towards  physical  optics  from  Descartes,  the  founder  of  the 
modem  mechanical  philosophy.  His  hypothesis  concerning  light  is, 
that  it  consists  of  small  particles  emitted  by  the  luminous  body.  He 
compares  these  particles  to  balls,  and  endeavors  to  explain,  by  means 
of  this  comparison,  the  laws  of  reflection  and  refraction.*  In  order  to 
account  for  the  production  of  colors  by  refraction,  he  ascribes  to  these 
balls  an  alternating  rotatory  motion.'  This  form  of  the  emission 
theory^  was,  like  most  of  the  physical  speculations  of  its  author,  hasty 
and  gratuitous ;  but  was  extensively  accepted,  like  the  rest  of  the  Car- 
tesian doctrines,  in  consequence  of  the  love  which  men  have  for  sweep- 
ing and  simple  dogmas,  and  deductive  reasonings  from  them.  In  a 
short  time,  however,  the  rival  optical  theory  of  undulations  made  its 
appearance.  Hooke  in  his  Micrographia  (16G4)  propounds  it,  upon 
occasion  of  his  observations,  already  noticed,  (chap,  viii.,)  on  the  color? 
of  thin  plates.  He  there  asserts*  light  to  consist  in  a  "  quick,  short, 
vibrating  motion,"  and  that  it  is  propagated  in  a  homogeneous  medium, 
in  such  a  way  that  "  every  pulse  or  vibration  of  the  luminous  body  will 
generate  a  sphere,  which  will  continually  increase  and  grow  bigger, 
just  after  the  same  manner  (though  indefinitely  swifter)  as  the  waves 
or  rings  on  the  surface  of  water  do  swell  into  bigger  and  bigger  circles 
-4bout  a  point  in  it"*     He  applies  this  to  the  explanation  of  refraction. 
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by  supposing  that  the  rays  in  a  denser  mddium  move  more  easily,  and 
hence  that  the  pulses  become  oblique  ;  a  far  less  satisfactory  and  con- 
sistent hypothesis  than  that  of  Huyghens,  of  which  we  shall  next  have 
to  speak.  But  Hooke  has  the  merit  of  having  also  combined  with  his 
theory,  though  somewhat  obscurely,  the  Principle  of  Interferences,  in 
the  application  which  he  makes  of  it  to  the  colors  of  thin  plates. 
Thus'  he  supposes  the  light  to  be  reflected  at  the  first  surface  of  such 
plates ;  and  he  adds,  "  after  two  refractions  and  one  reflection  (from 
the  second  surface)  there  is  propagated  a  kind  of  fainter  ray,"  which 
comes  behind  the  other  reflected  pulse  ;  "  so  that  hereby  (the  surfaces 
AB  and  EF  being  so  near  together  that  the  eye  cannot  discriminate 
them  from  one),  this  compound  or  duplicated  pulse  does  produce  on* 
the  retina  the  sensation  of  a  yellow."  The  reason  for  the  production 
of  this  particular  color,  in  the  case  of  which  he  here  speaks,  depends 
on  his  views  concerning  the  kind  of  pulses  appropriate  to  each  color ; 
and,  for  the  same  reason,'  when  the  thickness  is  different,  he  finds  that 
the  result  will  be  a  red  or  a  green.  This  is  a  very  remarkable  antici- 
pation of  tlie  explanation  ultimately  given  of  these  colors ;  and  we  nmy 
observe  that  if  Hooke  could  have  measured  the  thickness  of  his  thin 
plates,  he  could  hardly  have  avoided  making  considerable  progress  in 
the  doctrine  of  interferences. 

But  the  person  who  is  generally,  and  with  justice,  looked  upon  as 
the  great  author  of  the  undulatory  theory,  at  the  period  now  under 
notice,  is  Huyghens,  whose  Traits  de  la  Zumiere,  containing  a  deve- 
lopement  of  his  theory,  was  written  in  1678,  though  not  published  till 
1690.  In  this  work  he  maintained,  as  Ilooke  had  done,  that  light 
consists  in  undulations,  and  expands  itself  spherically,  nearly  in  the 
same  manner  as  sound  does ;  and  he  referred  to  the  observations  of 
Romer  on  Jupiter's  satellites,  both  to  prove  that  this  difference  takes 
place  successively,  and  to  show  its  exceeding  swiftness.  In  order  to 
trace  the  effect  of  an  undulation,  Huyghens  considers  that  every  point 
of  a  wave  diffuses  its  motion  in  all  directions ;  and  hence  he  draws 
the  conclusion,  so  long  looked  upon  as  the  turning-point  of  the  com- 
bat between  the  rival  theories,  that  the  light  will  not  be  diffused 
beyond  the  rectilinear  space,  when  it  passes  through  an  aperture; 
"  for,"  says  he," "  although  the  partial  waves,  produced  by  the  particles 
comprised  in  the  aperture,  do  diffuse  themselves  beyond  the  rectilinear 
space,  tliese  waves  do  not  concur  anywhere  except  in  front  of  the  - 
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aperture.'*  lie  rightly  considers  this  observation  as  of  the  most  essen- 
tial value.  "  This,"  he  says,  **  was  not  known  by  those  who  began  to 
consider  the  waves  of  light,  among  whom  are  Mr.  Hooke  in  his  Micra- 
yrapAy,  and  Fatker -Parties ;  who,  in  a  treatise  of  which  he  showed 
me  a  part,  and  which  he  did  not  live  to  finish,  had  undertaken  to  prove, 
by  these  waves,  the  eflfects  of  reflection  and  refraction.  But  the  prin- 
cipal foundation,  which  consists  in  the  remark  I  have  just  made,  was 
wanting  in  his  demonstrations." 

By  the  help  of  this  view,  Huyghens  gave  a  perfectly  satisfactory 
and  correct  explanation  of  the  laws  of  reflection  and  refraction  ;  and 
he  also  applied  the  same  theory,  as  we  have  seen,  to  the  double  refrac- 
tion of  Iceland  spar  with  great  sagacity  and  success.  He  conceived 
that  in  this  crystal,  besides  the  spherical  w\ives,  there  niight  be  others 
of  a  spheroidal  form,  the  axis  of  the  spheroid  being  symmetrically  dis- 
posed with  regard  to  the  faces  of  the  rhombohcdron,  for  to  these  faces 
the  optical  phenomena  are  symmetrically  related.  Uo  found^  that  the 
position  of  the  refracted  ray,  determined  by  such  spheroidal  undula- 
tions, would  give  an  oblique  refraction,  which  would  coincide  in  its 
laws  with  the  refraction  observed  in  Iceland  spur :  and,  as  we  have 
stated,  this  coincidence  was  long  after  fully  confirmed  by  other 
observers. 

Since  Huyghens,  at  this  early  period,  expounded  the  undulatory 
theory  with  so  much  distinctness,  and  applied  it  with  so  much  skill,  it 
ipay  be  asked  why  we  do  not  hold  him  up  as  the  great  Author  of  the 
induction  of  undulations  of  light ; — the  person  who  marks  the  epoch 
of  the  theory  ?  To  this  we  reply,  that  though  Huyghens  discovered 
strong  presumptions  in  favor  of  the  undulatory  theory,  it  was  not 
established  till  a  later  era,  when  the  fringes  of  shadows,  rightly  under- 
stood, made  the  waves  visible,  and  when  the  hypothesis  which  had 
been  assumed  to  accoun*:  for  double  refraction,  was  found  to  contain 
also  an  explanation  of  polarization.  It  is  then  that  this  theory  of  light 
assumes  its  commanding  form  ;  and  the  persons  who  gave  it  tliis  form, 
we  must  make  the  great  names  of  our  narrative ;  without,  however, 
denying  the  genius  and  merit  of  Huyghens,  who  is,  undoubtedly,  the 
leading  character  in  the  prelude  to  the  discovery. 

The  undulatory  theory,  from  this  time  to  our  own,  was  unfortunate 
in  its  career.  It  was  by  no  means  destitute  of  defenders,  but  these  were 
not  experimentei*s  ;    and   none  of  them   thought  of  applying   it   tc 
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Grimaldi's  experiments  on  fringes,  of  which  we  have  spoken  a  little 
while  ago.  And  the  great  authority  of  the  period,  Newton,  adopted 
the  opposite  hypothesis,  that  of  emission,  and  gave  it  a  cmrency 
among  his  followers  which  kept  down  the  sounder  theory  for  abore  a 
century. 

Newton's  first  disposition  appears  to  have  been  by  no  means  averse 
to  the  assumption  of  an  other  as  the  vehicle  of  luminiferous  undtila- 
tions.  When  Ilooke  brought  against  his  prismatic  analysis  of  light 
some  objections,  founded  on  his  own  hypothetical  notions,  Newton,  in 
his  reply,  said,'  "  The  hypothesis  has  a  much  greater  affinity  with  hia 
own  hypothesis  than  he  seems  to  be  aware  of;  the  vibrations  of  the 
ether  being  as  useful  and  necessary  in  this  as  in  his."  This  was  in 
1672  ;  and  we  might  produce,  from  Newton's  w^riting,  passages  of  the 
same  kind,  of  a  much  later  date.  Indeed  it  would  seem  that,  to  the 
last,  Newton  considered  the  assumption  of  an  ether  as  highly  probable, 
and  its  vibrations  important  parts  of  the  phenomena  of  light ;  but  he 
also  introduced  into  his  system  the  hypothesis  of  emission,  and  having 
followed  this  hypothesis  into  mathematical  detail,  while  he  has  left  all  • 
that  concerns  the  ether  in  the  form  of  queries  and  conjectures,  the 
emission  theory  has  naturally  been  treated  as  the  leading  part  of  his 
optical  doctrines. 

Tlie  principal  propositions  of  the  Principia  which  bear  upon  the 
question  of  optical  theory  arc  those  of  the  fourteenth  Section  of  the 
first  Book,*  in  which  the  law  of  the  sines  in  refraction  is  proved  on  the 
hypothesis  that  the  particles  of  bodies  act  on  light  only  at  very  small 
distances ;  and  the  proposition  of  the  eighth  Section  of  the  second 
Book  ;*"  in  which  it  is  pretended  to  be  demonstrated  that  the  motion 
propagated  in  a  fluid  must  diverge  when  it  has  passed  through  an 
aperture.  The  former  proposition  shows  that  the  law  of  refraction^ 
an  optical  truth  which  mainly  affected  the  choice  of  a  theory,  (for 
about  reflection  there  is  no  difficulty  on  any  mechanical  hypothesis,) 
follows  from  the  theory  of  emission  :  the  latter  proposition  was  intended 
to  prove  the  inadmissibility  of  the  rival  hypothesis,  that  of  undulations. 
As  to  the  foi-mcr  point, — the  hypothetical  explanation  of  refraction,  on 
the  assumptions  there  made, — the  conclusion  is  quite  satisfactory ;  but 
the  reasoning  in  the  latter  case,  (respecting  the  propagation  of  undula- 
tions,) is  certainly  inconclusive  and  vague ;  and  something  better  might 
the  more  reasonably  have  been  expected,  since  Huyglicns  had  at  least 
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endearored  to  prove  the  opposite  proposition.  But  supposing  we  leave 
these  properties,  the  rectilinear  course,  the  reflection,  and  the  refraction 
of  U^i,  as  prohlems  in  which  neither  theory  has  a  decided  advantage, 
what  is  the  next  material  point  ?  The  colors  of  thin  plates.  Now, 
how  does  Newton's  theory  explain  these  ?  By  a  new  and  special  sup- 
position ; — that  of  Jits  of  easy  transmission  and  reflection  :  a  supposi- 
tion which,  though  it  truly  expresses  these  facts,  is  not  borne  out  by 
my  other  phenomena.  But,  passing  over  this,  when  we  come  to  the 
peculiar  bws  of  polarization  in  Iceland  spar,  how  does  Newton's  meet 
this  f  Again  by  a  special  and  new  supposition ; — that  the  rays  of  light 
ha?e  sides.  Thus  we  find  no  fresh  evidence  in  favor  of  the  emission 
hypothesis  springing  out  of  the  fresh  demands  made  upon  it.  It  may 
he  urged,  in  reply,  that  the  same  is  true  of  the  undulatory  theory ; 
and  it  must  be  allowed  that,  at  the  time  of  which  we  now  speak,  its 
joperiority  in  this  respect  was  not  manifested ;  though  Hooke,  as  we 
have  seen,  had  caught  a  glimpse  of  the  explanation,  which  this  theory 
supplies,  of  the  colors  of  thin  plates. 

•  At  a  later  period,  Newton  certainly  seems  to  have  been  strongly 
disinclined  to  believe  light  to  consist  in  undulations  merely.  "  Arc 
not,"  he  says,  in  Question  twenty-eight  of  the  Opticks,  "all  hypo- 
theses erroneous,  in  which  light  is  supposed  to  consist  in  prcssion  or 
motion  propagated  through  a  fluid  medium  ?"  Tlie  arguments  which 
most  weighed  with  him  to  produce  this  conviction,  appear  to  have 
been  the  one  already  mentioned, — that,  on  the  undulatory  hypothesis, 
undulations  passing  through  an  aperture  would  be  diffused  ;  and  again, 
—his  conviction,  that  the  properties  of  light,  developed  in  various 
optical  phenomena,  "  depend  not  upon  new  modifications,  but  upon 
the  original  and  unchangeable  properties  of  the  rays."  (Question 
twenty-seven.) 

But  yet,  even  in  this  state  of  his  views,  he  was  very  far  from  aban- 
doning the  machinery  of  vibrations  altogether.  Tic  is  disposed  to  use 
such  machinery  to  produce  his  "fits  of  easy  transmission."  In  his 
seventeenth  Query,  he  says,"  "when  a  ray  of  light  falls  upon  the  sur- 
^e  of  any  pellucid  body,  and  is  there  refracted  or  reflected  ;  may  not 
waves  of  vibrations  or  tremors  be  thereby  excited  in  the  refracting  or 
reflecting  medium  at  the  point  of  incidence  ?  .  .  .  .  and  do  not  these 
vibrations  overtake  the  rays  of  light,  and  by  overtaking  them  succes- 
sively  do  they  not  put  them  into  the  fits  of  easy  rcflectic  n  and  easy 
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transmission  described  above  ?"  Several  of  the  other  queries  implj 
tlic  same  persuasion,  of  the  necessity  for  the  assumption  of  an  ethei 
and  its  vibrations.  And  it  miglit  have  been  asked,  whether  any  goiii 
reason  could  be  given  for  the  hypothesis  of  an  etlier  as  a  part  of  the 
mechanism  of  light,  which  would  not  be  equally  valid  in  favor  of  thii 
being  the  whole  of  the  mechanism,  especially  if  it  could  be  shown  that 
nothing  more  was  wanted  to  produce  the  results. 

The  emission  theory  wais  however,  embraced  in  the  most  strenuooi 
manner  by  the  disciples  of  Newton.  That  propositions  existed  in  the 
Princ'ipia  which  proceeded  on  this  h}^othesis,  was,  with  many  of 
these  persons,  ground  enough  for  adopting  the  doctrine ;  and  it  had 
also  the  advantage  of  being  more  ready  of  conception,  for  though  tin 
propagation  of  a  wave  is  not  very  difficult  to  conceive,  at  least  by  i 
mathematician,  the  motion  of  a  particle  is  still  easier. 

On  the  other  hand,  the  undulation  theory  was  maintained  by  no  lev 
a  person  than  Euler ;  and  the  war  between  the  two  opinions  was  car 
ried  on  with  great  earnestness.  The  arguments  on  one  side  and  oi 
the  other  soon  became  trite  and  familiar,  for  no  person  cxplainjed  anj 
new  class  of  facts  by  either  theory.  Thus  it  was  urged  by  Eulei 
against  the  system  of  emission," — that  the. perpetual  emanation  of 
light  from  the  sun  must  have  diminished  the  mass ; — that  the  strean 
of  matter  thus  constantly  flowing  must  affect  the  motions  of  th< 
planets  and  comets ;  that  the  rays  must  disturb  each  other; — that  thi 
passage  of  light  through  transparent  bodies  is,  on  this  system,  incon* 
ceivable  :  all  such  arguments  were  answered  by  representations  of  tin 
exceeding  minuteness  and  velocity  of  the  matter  of  light.  On  liu 
other  hand,  there  was  urged  against  the  theory  of  waves,  the  favoriti 
Newtonian  argument,  that  on  this  theory  the  light  passing  through  ax 
aperture  ought  to  be  diffused,  as  sound  is.  It  is  curious  that  Eulei 
does  not  make  to  this  argument  the  reply  which  Iluyghens  had  madi 
before.  The  fact  really  was,  that  he  was  not  aware  of  the  true  grounc 
of  the  difference  of  the  result  in  the  cases  of  sound  and  light ;  namely 
that  any  ordinary  aperture  bears  an  immense  ratio  to  the  length  of  ai 
undulation  of  lights  but  docs  not  bear  a  very  great  ratio  to  the  lengtl 
of  an  undulation  of  sound.  The  demonstrable  consequence  of  thi 
difference  is,  that  light  darts  through  such  an  orifice  in  straight  rays 
while  sound  is  diffused  in  all  directions.  Euler,  not  perceiving  thii 
difference,  rested  his  answer  mainly  upon  a  circumstance  by  no  meanj 
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nnimportut^  tiuit  tHe  partitions  usually  employed  arc  not  imiK^iineablc 
to  swa^ »  opake  bodies  arc  to  light.  Ho  observes  that  the  sound 
does  not  ill  come  through  the  aperture ;  for  we  hear,  tliough  the 
apertore  be  stopped.  These  were  the  main  original  points  of  attack 
and  defence^  and  they  continued  nearly  the  same  for  the  whole  of  the 
kit  eentory ;  the  same  difficulties  were  over  and  over  again  proposed, 
sod  the  same  solutions  given,  much  in  the  manner  of  the  disputations 
of  the  schoolmen  of  the  middle  ages. 

The  stmggle  being  thus  apparently  balanced,  the  scale  was  natural- 
]j  toned  by  the  general  ascendancy  of  the  Newtonian  doctrines ;  and 
the  emission  theory  was  the  one  most  generally  adopted.    It  was  still 
more  finnly  established,  in  consequence  of  the  turn  generally  taken 
Vf  the  scientific  activity  of  the  latter  half  of  the  eighteenth  century ; 
fo  while  nothing  was  added  to  our  knowledge  of  optical  «aws,  the 
ehemical  effects  of  light  were  studied  to  a  considerable  ext<int  by 
nrioQB  inquirers ;"  and  the  opinions  at  which  these  persons  arrived, 
they  found  that  they  could  express  most  readily,  in  consistency  with 
the  reigning  chemical  views,  by  assuming  the  materiality  of  light.     It 
is,  however,  clear,  that  no  reasonings  of  the  inevitably  vague  and 
donbtfui  character  which  belong  to  these  portions  of  chemistry,  ought 
to  be  allowed  to  interfere  with  the  steady  and  regular  progress  of  in- 
daction  and  generalization,  founded  on  relations  of  space  and  number, 
by  which  procedure  the  mechanical  sciences  arc  fonned.     We  reject, 
therefore,  all  these  chemical  speculations,  as  belonging  to  other  sub- 
jects ;  and  consider  the  histor}^  of  optical  theory  as  a  blank,  till  we 
arrive  at  some  \evy  different  events,  of  which  we  have  now  to  speak. 


'^  AsScheele,  Selle,  Lavoisier,  De  Luc,  lUchter,  Leonhardi,  Grcn,  Girtanncr, 
Link,  Hagon,  Voigt,  De  la  Methcrie,  Schcrer,  Diz&,  Brugnatelli.  See  Fischer, 
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Sect.  I. — Introduction.  ^ 

1 

THE  man  whose  name  must  occupy  the  most  distiugaished  pitoe  it 
the  history  of  Physical  Optics,  in  consequence  of  what  he  did  ij 
reviving  and  establishing  the  undulatory  theory  of  light,  is  Dr.  Thomi 
Young.  He  was  born  in  1773,  at  Milvcrton  in  Somersetshire,  of 
Quaker  parents ;  and  after  distinguishing  himself  during  youth  by  thi 
variety  and  accuracy  of  his  attainments,  he  settled  in  London  asaphfi 
sician  in  1801 ;  but  continued  to  give  much  of  his  attention  to  general 
science.  His  optical  theory,  for  a  long  time,  made  few  proseljtetf 
and  several  years  afterwards,  Auguste  Fresnel,  an  eminent  Frendi 
mathematician,  an  engineer  officer,  took  up  similar  views,  proved  theit 
truth,  and  traced  their  consequences,  by  a  series  of  labors  almost  Indid 
pendent  of  those  of  Dr.  Young.  It  was  not  till  the  theory  was  thdj 
re-echoed  from  another  land,  that  it  was  able  to  take  any  strong  boll 
on  the  attention  of  the  countrymen  of  its  earlier  promulgator.  ' 

The  theory  of  undulations,  like  that  of  universal  gravitation,  ma^ 
be  divided  into  several  successive  steps  of  generalization.  In  both 
cases,  all  these  steps  were  made  by  the  same  persons ;  but  there  is  thil 
diflferencc: — all  the  parts  of  the  law  of  universal  gravitation  weri 
worked  out  in  one  burst  of  inspiration  by  its  author,  and  published  il 
one  time ; — in  the  doctrine  of  light,  on  the  other  hand,  the  differedl 
steps  of  the  advance  were  made  and  published  at  separate  times,  widi 
intervals  between.  We  see  the  theory  in  a  narrower  form,  and  ili 
detached  portions,  before  the  widest  generalizations  and  principles  of 
unity  are  reached  ;  we  see  the  authors  straggling  with  the  difficnltiei 
before  we  see  them  successful.  They  appear  to  us  as  men  like  oawi 
selves,  liable  to  perplexity  and  failure,  instead  of  coming  before  us,  m 
Newton  does  in  Uie  history  of  Physical  Astronomy,  as  the  irresisUUtf 
and  almost  supernatural  hero  of  a  philosophical  romance. 
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The  main  subdivisions  of  tlio  great  advance  in  physical  optics,  of 
which  we  have  now  to  give  an  account,  are  the  following : — 

1.  The  explanation  of  the  periodical  colors  of  thin  plates,  thick 
plates,  fringed  shadows,  striated  surfaces,  and  other  phenomena  of  the 
same  kind,  by  means  of  the  doctrine  of  the  interference  of  undulations. 

2.  The  explanation  of  the  phenomena  of  double  refraction  by  the 
propagation  of  undulations  in  a  medium  of  which  the  optical  elasticity 
is  diflTerent  in  different  directions. 

3.  The  conception  of  polarization  as  the  result  of  the  vibrations 
benig  transverse  ;  and  the  consequent  explanation,  of  the  production 
of  polarization,  and  the  necessary  connexion  between  polarization  and 
doable  refraction,  on  mechanical  principles. 

4.  The  explanation  of  the  phenomena  of  dipolarizatioUj  by  means 
of  the  interference  of  the  resolved  parts  of  the  vibrations  after  double 
mfrBction. 

Hie  history  of  each  of  these  discoveries  will  be  given  separately  to 
m  certidn  extent ;  by  which  means  the  force  of  proof  arising  from  their 
combination  will  be  more  apparent. 

Sect.  2. — Explanation  of  the  Periodical  Colors  of  Thin  Plates  and 
Shadows  by  the  Undulatory  Theory, 

The  explanation  of  periodical  colors  by  the  principle  of  interference  of 
vibrations,  was  the  first  step  which  Young  made  in  his  confirmation  of 
the  undulatory  theory.  In  a  paper  on  Sound  and  Light,  dated 
Emmanuel  College,  Cambridge,  8th  July,  1709,  and  read  before  the 
Royal  Society  in  January  following,  he  appears  to  incline  strongly  to 
the  llnyghenian  theory ;  not  however  offering  any  new  facts  or  calcu- 
lations in  its  favor,  but  pointing  out  the  great  difficulties  of  the  New- 
tonian hypothesis.  But  in  a  paper  read  before  the  Eoyal  Society, 
November  12,  1801,  he  says,  "A  further  consideration  of  the  colors  of 
thin  plates  has  converted  that  prepossession  which  I  before  entertained 
for  the  undulatory  theory  of  light,  into  a  very  strong  conviction  of  its 
truth  and  efficiency ;  a  conviction  which  has  since  been  most  strikingly 
confirmed  by  an  analysis  of  the  colors  of  striated  surfaces^  He  here 
states  the  general  principle  of  interferences  in  the  form  of  a  pro[)osition. 
(Prop,  viii.)  "  When  two  undulations  from  different  origins  coincide 
either  perfectly  or  very  nearly  in  direction,  their  joint  eff*ect  is  a  combi- 
nation of  the  motions  belonging  to  them."  lie  explains,  by  the  help 
of  this   proposition,  the  colors  which  were  observed  in   Coventry's 
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micrometers,  in  which  instrument  lines  were  drawn  on  glass  at  a  < 
tance  of  1 -500th  of  an  inch.     The  interference  of  the  undulations 
the  rays  reflected  from  the  two  sides  of  these  fine  lines,  produced  pi 
odical  colors.     In  the  same  manner,  he  accounts  for  the  colors  of  tl 
plates,  by  the  interference  of  the  light  partially  reflected  from  the  t 
surfaces  of  the  plates.     AVe  have  already  seen  that  Hooke  had  k 
before  suggested  the  same  explanation  ;  and  Young  says  at  the  end 
his  paper,  ^  It  was  not  till  I  had  satisfied  myself  respecting  all  th< 
phenomena,  that  I  found  in  Ilooke's  Micrographia  a  passage  wk 
might  have  led  me  earlier  to  a  similar  opinion."    He  also  quotes  fr 
Newton  many  passages  which  assume  the  existence  of  an  ether; 
which,  as  we  have  already  seen,  Nciiv'ton  suggests  the  necessity  in  th( 
very  phenomena,  though  he  would  apply  it  in  combination  with  1 
emission  of  material  light.     In  July,  1802,  Young  explained,  on  1 
same  principle,  some  facts  in  indistinct  vision,  and  other  similar  appe 
anccs.     And  in  1803,*  he  speaks  more  positively  still.     "In  makin 
he  says,  "  some  experiments  on  the  fringes  of  colors  accompany! 
shadows,  I  have  found  so  simple  and  so  demonstrative  a  proof  of  \ 
general  law  of  interference  of  two  portions  of  lights  which  I  ht 
already  endeavored  to  establish,  that  I  think  it  right  to  lay  before  1 
Royal  Society  a  f^liort  statenient  of  the  facts  which  appear  to  me  to 
thus  dccihiv(\"     The  two  papers  just  mentioned  certainly  ought 
have  convinced  all  scientific  men  of  the  truth  of  the  doctrine  tl 
urged;  for  the  number  and  exactness  of  the   explanations   is  ▼< 
remarkable.     They  include  the  colored  fringes  which  are  seen  with  1 
shadows  of  fibres ;  the  colors  produced  by  a  dew  between  two  pi« 
of  glass,  which,  according  to  the  theory,  should  appear  when  the  thk 
ness  of  the  plate  is  six  times  that  of  thin  plates,  and  which  do  so;  I 
changes  resulting  from  the  employment  of  other  fluids  tlian  wati 
the  efloct  of  inclining  the  plates ;  also  the  fringes  and  bands  whi 
accompany  shadows,  the  phenomena  observed  by  Grimaldi,  Newti 
Maraldi,  and  others,  and  hitherto  never  at  all  reduced  to  rule.     Yoa 
observes,  very  justly,  "whatever  may  be  thought  of  the  theory,  • 
have  got  a  simple  and  general  law  "  of  the  phenomena.     He  moreo! 
calculated  the  length  of  an  undulation  from  the  measurementa 
fringes  of  shadows,  as  he  had  done  before  from  the  colors  of  tl 
platea ;  and  found  a  very  close  accordance  of  the  results  of  the  vario 
citoci  with  one  another. 


'  Phil  Trans,    Memoir,  read  Nov.  24. 
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TTiere  is  one  diflBculty,  and  one  inaccuracy,  in  Young's  views  at 
this  period,  which  it  may  be  proper  to  note.     The  ditficulty  was, 
Hot  he  found  it  necessary  to  suppose  that  light,  when  reflected  at  a 
nrer  medium,  is  retarded  by  half  an  undulation.     This  assumption, 
thoflgh  often  urged  aUa  later  period  as  an  argument  against  the  theory, 
WM  folly  justified  as  the  mechanical  principles  of  the  subject  were 
unfolded;  and  the  necessity  of  it  was  clear  to  Young  from  the  first. 
On  the  strength  of  this,  says  he,  "  I  ventured  to  predict,  that  if  the 
reflections  were  of  the  same  kind,  made  at  the  surfaces  of  a  thin  plate, 
of  a  density  intermediate  between  the  densities  of  the  mediums  sur- 
woading  it^  the  central  spot  would  be  white ;  and  I  have  now  the 
pleasure  of  stating,  that  I  have  fully  verified  this  prediction  by  inter- 
posing a  drop  of  oil  of  sassafras  between  a  prism  of  flint-glass  and  a 
lens  of  crown-glass." 

The  inaccuracy  of  his  calculations  consisted  in  his  considering  the 
external  fringe  of  shadows  to  be  produced  by  the  interference  of  a  ray 
reficied  from  the  edf^e  of  the  object,  with  a  ray  which  passes  clear  of 
it;  in?jtead  of  supposing  all  the  parts  of  the  wave  of  lijjjlit  to  coiTobo- 
ratc  or  interfere  with  one  another.  The  mathcniatioal  treatment  of 
the  qiR'Stion  on  the  latter  hypotliesis  was  by  no  means  easy.  Young 
was  a  mathematician  of  considorable  ])owcr  in  the  solution  of  the  pro- 
blems which  came  before  him  :  though  his  methods  possessed  none  of 
the  analytical  elegance  which,  in  his  time,  had  become  general  in 
France,  But  it  docs  not  appear  that  he  ever  solved  the  problem  of 
undulati(ms  as  applied  to  fringes,  with  its  true  conditions.  lie  did, 
however,  rectify  his  conceptions  of  the  nature  of  the  interference ) 
and  we  may  add,  that  the  numerical  error  of  the  consequences  of  th(! 
dJective  hypothesis  is  not  such  as  to  prevent  their  confirming  the 
JinduJator}'  theory.' 

But  though  this  theory  was  thus  so  powerfully  recommended  by 
experiment  and  calculation,  it  met  with  little  favor  in  the  scientific 
world.  Perhaps  this  will  be  in  some  measure  accounted  for,  when  we 
conie,  in  the  next  chapter,  to  speak  of  the  mode  of  its  reception  by 


I  may  mention,  in  addition  to  the  applicntions  whieli  Yoimpj  mftdo  of  the 
principle  of  iiiteiferences,  liis  Frlomeirr,  im  instrument  invcntcil  for  the  pur- 
pose of  m'^a^uriiig  tlie  tliickness  of  the  fibres  of  wood;  an«l  the  explanation  of 
the  snpcrrfiimorary  bands  of  the  rainbow.  Tliese  explanations  involve  ealeu- 
li^ions  founded  on  the  length  of  an  undulation  of  light,  and  were  confirmed  by 
ttperimcnt,  as  far  as  experiment  went. 
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In  this  Memoir  of  FrcsncFs,  he  takes  very  Dearly  the  same  courae 
as  Young  had  done ;  considering  the  interference  of  the  direct  light 
with  that  reflected  at  the  edge,  as  the  cause  of  the  external  fringes ; 
and  he  observes,  that  in  this  reflection  it  is  necessary  to  suppose  half 
an  undulation  lost :  but  a  few  years  later,  he  considered  the  propaga- 
tion of  undulations  in  a  more  true  and  general  manner,  and  obtained 
the  solution  of  this  diflBculty  of  the  half-undulation.    His  more  com- 
plete Memoir  on  Diffraction  was  delivered  to  the  InstitutiO  of  France, 
July  29,  1818  ;  and  had  the  prize  awarded  it  in  1819  :*  but  by  the 
delays  which  at  that  period  occurred  in  the  publication  of  the  Pari- 
dan  Academical  Transactions^  it  was  not  published*  till  1826,  when 
the  theory  was  no  longer  generally  doubtful  or  unknown  in  the  scien- 
tific world.    In  this  Memoir,  Fresnel  observes,  that  we  must  consider 
the  effect  of  every  portion  of  a  wave  of  light  upon  a  distant  point, 
and  must,  on  this  principle,  find  the  illumination  produced  by  any 
number  of  such  waves  together.    Hence,  in  general,  the  process  of 
integration  is  requisite ;  and  though  the  integrals  which  here  offer 
themselves  are  of  a  new  and  difficult  kind,  he  succeeded  in  making 
the  calculation  for  the  cases  in  which  he  experimented,     llis  Table 
of  the  Correspondences  of  Theory  and  Observation^^  is  very  remarka- 
ble for  the  closeness  of  the  agreement ;  the  errors  being  generally 
less  than  one  hundredth  of  the  whole,  in  the  distances  of  the  black 
bands.    He  justly  adds,  "  A  more  striking  agreement  could  not  be 
expected  between  experiment  and  theory.     If  we  compare  the  small- 
ness  of  the  diff*erences  with  the  extent  of  the  breadths  measured ; 
and  if  we  remark  the  great  variations  which  a  and  b  (the  distance  of 
the  object  from  the  luminous  point  and  from  the  screen)  have  received 
in  the  different  observations,  we  shall  find  it  difficult  not  to  regard  the 
integral  which  has  led  us  to  these  results  as  the  faithful  expression  of 
the  law  of  the  phenomena." 

A  mathematical  theory,  applied,  with  this  success,  to  a  variety  of 
cases  of  very  diff'ercnt  kinds,  could  not  now  fail  to  take  strong  hold 
of  the  attention  of  mathematicians  ;  and  accordingly,  from  this  time, 
the  ondulatory  doctrine  of  diffraction  has  been  generally  assented  to, 
and  the  mathematical  difficulties  which  it  involves,  have  been  duly 
stndied  and  struggled  with. 

Among  the  remarkable  applications  of  the  undulatory  doctrine  to 
diffraction,  we  may  notice  those  of  Joseph  Fraunhofcr,  a  mathemati- 


^Ann.  Chim,  May,  1819.     •  Mem,  Inst,  for  1821-2.     ^  Mhn.  Inst,  p.  420-424 
Vol.  IL— 7. 
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cal  optician  of  Munich.     Ho  made  a  great  number  of  experiments  oa . 
the  shadows  produced  by  small  holes,  and  groups  of  small  holes,  veiy. , 
near  each  other.    These  wtre  published'  in  his  New  Modifications  cf  ". 
Lights  in  1823.    The  greater  part  of  this  Memoir  is  employed  m- 
tracing  the  laws  of  phenomena  of  the  extremely  complex  and  splendid 
appearances  which  he  obtained ;  but  at  the  conclusion  he  obsenrei^ 
**  It  is  remarkable  that  the  laws  of  the  reciprocal  influence  and  of  the 
diffraction  of  the  rays,  can  be  deduced  from  the  principles  of  the 
undulatory  theory  :  knowing  the  conditions,  we  may,  by  means  of  an 
extremely  simple  equation,  determine  the  extent  of  a  luminous  wave  fiwr 
each  of  the  different  colors ;  and  in  every  case,  the  calculation  correa- 
ponds  with  observation."     This  mention  of  "an  extremely  simple 
equation,"  appears  to  imply  that  he  employed  only  Young's  and 
Frcsncrs  earlier  mode  of  calculating  interferences,  by  considering  two 
portions  of  light,  and  not  the  method  of  integration.    Both  from  the 
late  period  at  which  they  were  published,  and  from  the  absence  of 
mathematical  details,  Fraunhofcr's  labors  had  not  any  strong  influence 
on  the  establishment  of  the  undulatory  theory ;  although  they  are 
excellent  verifications  of  it,  both  from  the  goodness  of  the  observa^ 
tions,  and  the  complexity  and  beauty  of  the  phenomena. 

We  have  now  to  consider  the  progress  of  the  undulatory  theory  in 
another  of  its  departments,  according  to  the  dinsion  already  stated 

Sect,  3. — Explanation  of  Double  Refraction  by  the  Undulatory 
Theory. 

We  have  traced  the  history  of  the  undulatory  theory  applied  tc 
diffraction,  into  the  period  when  Young  came  to  have  Fresnel  for  hii 
fellow-laborer.  But  in  the  mean  time.  Young  had  considered  the 
theory  in  its  reference  to  other  phenomena,  and  especially  to  those  of 
double  refraction. 

In  this  case,  indeed,  Huyghcns's  explanation  of  the  facts  of  Icelanc 
spar,  by  means  of  spheroidal  undulations,  was  so  complete,  and  hac 
been  so  fully  confirmed  by  the  measurements  of  Hatiy  and  Wollaston 
that  little  remained  to  be  done,  except  to  connect  the  Huyghcniai 
hypothesis  with  the  mechanical  views  belonging  to  the  theory,  and  U 
extend  hi*  law  to  other  cases.  The  former  part  of  this  task  Younj 
3xecuted,  by  remarking  that  we  may  conceive  the  elasticity  of  th< 


•  In  Schumacher*s  Astronomisehe  Abhandtungfii,  in  French  ;  earlier  in  German 
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crystal,  on  whicb  the  veloctty  of  propagation   of  the  luminifcroiis 
nndnlatioii  depends,  to.  be  different,  in  the  direction  of  the  crystallo- 
gnphie  axis,  and  in  the  direction  of  the  planes  at  right  angles  to  this 
axis ;  and  from  such  a  difference,  he  deduces  the  existence  of  spheroi- 
dal undulations.     This  suggestion  appeared  in  the  Quarterly/  Review 
for  NoTember,  1809,  in  a  critique  upon   an  attempt  of  Laplace  to 
accoont  for  the  same  phenomena.    Laplace  had  proposed  to  reduce 
the  doable  refraction  of  such  crystals  as  Iceland  spar,  to  his  favorite 
machinery  of  forces  which  are  sensible  at  small  distances  only.     The 
pecoliar  forces  ^rhich  produce  the  effect  in  this  case,  he  conceives  to 
emanate  from  the  crystallographic  axis  :  so  that  the  velocity  of  light 
within  the  crystal  will  depend  only  on  the  situation  of  the  ray  with 
respect  to  this  axis.    But  the  establishment  of  this  condition  is,  as 
Young  observes,  the  main  difficulty  of  the  problem.     How  are  we  to 
conceive  refracting  forces,  independent  of  the  surface  of  the  refracting 
medxom,  and  regulated  only  by  a  certain  internal  line  ?     Moreover,  the 
law  of  force  which  Laplace  was  obliged  to  assume,  namely,  that  it 
varied  as  the  square  of  the  sine  of  the  angle  which  the  ray  made  with 
the  axis,  could  hardly  be  reconciled  with  mechanical  principles.     In 
the  critique  just  mentioned.  Young  appears  to  feel  that  the  undulatory 
theory,  and  perhaps  he  himself,  had  not  received  justice  at  the  hands 
of  men  of  science ;   he  complains  that  a  person  so  eminent  in   the 
world  of  science  as  Laplace  then  was,  should  employ  his  influence  in 
propagating  error,  and  should  disregard  the  extraordinary  confirmations 
which  the  Huyghenian  theory  had  recently  received. 

The  extension  of  this  view,  of  the  different  elasticity  of  crystals  in 
different  directions,  to  other  than  uniaxal  crystals,  was  a  more  complex 
and  difficult  problem.  The  general  notion  was  perhaps  obvious,  after 
what  Young  had  done ;  but  its  application  and  verification  involved 
mathematical  calculations  of  great  generality,  and  required  also  very 
exact  experiments.  In  fact^  this  application  was  not  made  till  Fresnel, 
apnpil  of  the  Polytechnic  School,  brought  the  resources  of  the  modern 
tnalysis  to  bear  upon  the  problem  ; — till  the  phenomena  of  dipolarizcd 
light  presented  the  properties  of  biaxal  crystals  in  a  vast  variety  of 
forms; — and  till  the  theory  received  its  grand  impulse  by  the  combina- 
tion of  the  explanation  of  polarization  with  the  explanation  of  double 
refraction.  To  the  history  of  this  last-mentioned  great  step  we  now 
proceed. 
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Sect.  4. — Explanation  of  Polarization  by  the  Undulatory  Theory,  *'■ 

I 

Even  while  the  only  phenon^ena  of  polarization  which  were  kiiowi|: 
were  those  which  affect  the  two  images  in  Iceland  spar,  the  difficoltjl^ 
which  these  &cts  seemed  at  first  to  throw  in  the  way  of  th&  undnlatoql 
theory  was  felt  and  acknowledged  by  Young.  Malus's  discovery  of  polair>. 
ization  by  reflection  increased  the  difficulty,  and  this  Toung  did  iio| 
attempt  to  conceal.    In  his  review  of  the  papers  containing  this  db-!, 
covery*  he  says,  "  The  discovery  related  in  these  papers  appears  to  n^ 
to  be  by  £m:  the  most  important  and  interesting  which  has  been  made  in 
France  concerning  the  properties  of  light,  at  least  since  the  time  of 
Huyghens ;  and  it  is  so  much  the  more  deserving  of  notice,  as  it  groat^ 
influences  the  general  balance  of  evidence  in  the  comparison  of  tfaiB 
undulatory  and  projectile  theories  of  the  nature  of  light."     He  then 
proceeds  to  point  out  the  main  features  in  this  comparison,  claiming 
justly  a  great  advantage  for  the  theory  of  undulations  on  the  tvrv 
points  we  have  been  considering,  the  phenomena  of  diffraction  and  of 
double  refraction.    And  he  adds,  with  reference  to  the  embarrasemenf 
introduced  by  polarization,  that  we  arc  not  to  expect  the  coarse  ol 
scientific  discovery  to  run  smooth  and  uninterrupted ;  but  that  wo  an 
to  lay  our  account  with  partial  obscurity  and  seeming  contradictioi 
which  we  may  hope  that  time  and  enlarged  research  will  dissipate 
And  thus  he  steadfiistly  held,  with  no  blind  prejudice,  but  wM 
unshaken  confidence,  his  great  philosophical  trust,  the  fortunes  of  th* 
undulatory  theory.    It  is  here,  after  the  difiicultics  of  polarization  hai 
come  into  view,  and  before  their  solution  had  been  discovered,  that  w 
may  place  the  darkest  time  of  the  history  of  the  theory ;  and  at  thi 
period  Young  was  alone  in  the  field. 

It  does  not  appear  that  tlie  light  dawned  upon  him  for  some  yean 
In  the  mean  time.  Young  found  that  his  theory  would  explain  dip( 
larized  colors ;  and  he  had  the  satisfaction  to  sec  Fresnel  re-discov« 
and  M.  Arago  adopt,  his  views  on  diffraction.  He  became  engage 
in  friendly  intercourse  with  the  latter  philosopher,  who  visited  him  i 
England  in  18  J  6.  On  January  the  12th,  1817,  in  writing  to  th 
gentleman,  among  other  remarks  on  the  subject  of  optics,  he  says,  ** 
have  also  been  reflecting  on  the  possibility  of  giving  an  imperfect  e: 
planation  of  the  affection  of  light  which  constitutes  polarization,  witl 


•  (iuart.  Rev.  May,  1810. 
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out  depaitiDg  from  the  genuine  doctrine  of  undulation."     Ho  then 
proceeds  to  suggest  the  possibility  of  "  a  transverse  vibration,  propa- 
gated in  the  direction  of  the  radius,  the  motions  of  the  particles  being 
in  a  certain  constant  direction  with  respect  to  that  radius ;  and  this," 
he  adds,  **  is  polarization.^    From  his  further  explanation  of  his  views, 
it  appears  that  he  conceived  the  motions  of  the  particles  to  be  oblique 
to  the  direction  of  the  ray,  and  not  perpendicular,  as  the  theory  was 
afterwaids  framed ;  but  still,  here  was  the  essential  condition  for  the 
explanation  of  the  &cts  of  polarization, — the  transverse  nature  of  the 
vibratioDa.    This  idea  at  once  made  it  possible  to  conceive  how  the 
rays  of  light  could  have  sides  ;  for  the  direction  in  which  the  vibra- 
tion was  transverse  to  the  ray,  might  be  marked  by  peculiar  properties. 
And  after  the  idea  was  once  started,  it  was  comparatively  easy  for  men 
like  Young  and  Fresnel  to  pursue  and  modify  it  till  it  assumed  its  tme 
and  distinct  form. 

We  may  judge  of  the  diflBculty  of  taking  firmly  hold  of  the  concep- 
tion of  transverse  vibrations  of  the  ether,  as  those  which  constitute 
light,  by  observing  how  long  the  great  philosophers  of  whom  we'are 
speaking  lingered  within  reach  of  it,  before  they  ventured  to  grasp  it. 
Fresnel  says,  in  1821,  "  When  M.  Arago  and  I  had  remarked  (in  181G) 
that  two  rays  polarized  at  right  angles  always  give  the  same  quantity 
of  light  by  their  union,  I  thought  this  might  be  explained  by  supposing 
the  vibrations  to  be  transverse,  and  to  be  at  right  angles  when  the  rays 
are  polarized  at  right  angles.  But  this  supposition  was  so  contrary  to 
the  received  ideas  on  the  nature  of  the  vibrations  of  elastic  fluids," 
that  Fresnel  hesitated  to  adopt  it  till  he  could  reconcile  it  better  to  his 
mechanical  notions.  "  Mr.  Young,  more  bold  in  his  conjectures,  and 
less  confiding  in  the  views  of  geometers,  published  it  before  me,  though 
periiaps  he  thought  it  after  me."  And  M.  Arago  was  afterwards  won. 
to  relate"  that  when  he  and  Fresnel  had  obtained  their  joint  experi- 
mental results  of  the  non-interference  of  oppositely-polarized  pencils, 
and  when  Fresnel  pointed  out  that  transverse  vibrations  were  the  only 
possible  translation  of  this  fact  into  the  undulatory  theory,  he  himself 
protested  that  he  had  not  courage  to  publish  such  a  conception  ;  and 
accordingly,  the  second  part  of  the  Memoir  was  published  in  Frcsners 
name  alone.  What  renders  this  more  remarkable  is,  that  it  occurred 
when  M.  Arago  had  in  his  possession  the  n'cry  letter  of  Young,  in 
which  he  proposed  the  same  suggestion. 


•  I  take  the  liberty  of  stating  this  from  personal  knowledge. 
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YouDg  fi  first  pablbLcd  fetatemcut  of  the  doctiine  of  ImDsraK  tSib- 
tioDS  was  given  in  iLe  explanation  of  tLe  phenomena  of  dipolazialio^ 
of  which  we  fchall  have  to  E>peak  in  the  next  Section.  But  the  primay 
and  irnmonse  value  of  this  conception,  as  a  step  in  the  progrea  of  dw 
undulaton'  theory,  was  the  conLcxion  which  it  established  betwccB 
polarization  and  double  refraction ;  for  it  held  forth  a  promne  of 
accounting  for  polarization,  if  anv  conditions  could  be  ibnnd  wliidi 
might  determine  what  was  the  direction  of  the  transverse  Tihralioiiai 
The  aijalysis  of  these  conditions  is,  in  a  great  measure,  the  woik  of 
Fre^nc'l ;  a  task  performed  with  profound  philosophical  sagacitj  aad 
great  mathematical  skilL 

Since  the  double  refraction  of  uniaxal  crj-stals  could  be  explvned  bf 
undulations  of  the  form  of  a  spheroid,  it  was  perhaps  not  difficult  to 
coTijocture  that  the  undulations  of  biaxal  crystals  would  be  acooonted 
for  by  undulations  of  the  form  of  an  ellipsoid,  which  differs  from  tha 
spheroid  in  having  its  three  axes  unequal,  instead  of  two  oufy ;  and 
consequently  has  that  very  relation  to  the  other,  in  respect  of  symme- 
try,' which  the  cn'stalline  and  optical  phenomena  have.  Or,  again, 
instead]  of  supposing  two  difterent  degrees  of  elasticity  in  different 
directions,  we  may  suppose  three  such  different  degrees  in  directions  al 
right  angles  to  each  other.  This  kind  of  generalization  was  tolerably 
obvious  to  a  practised  mathematician. 

But  what  shall  call  into  play  all  these  elasticities  at  once,  and  pro- 
duce waves  governed  by  each  of  them  ?  And  what  shall  explain  the 
different  polarization  of  the  rays  which  these  separate  waves  carry  with 
them  ?  Tliesc  were  difficult  questions,  to  the  solution  of  which  mathe- 
matical calculation  had  hitherto  been  unable  to  offer  any  aid. 

It  was  here  that  the  conception  of  transverse  vibrations  came  in, 
like  a  beam  of  sunlight,  to  disclose  the  possibility  of  a  mechanical  con- 
nexion of  all  these  facts.  If  transverse  vibrations,  travelling  through  a 
unifonn  medium,  come  to  a  medium  not  uniform,  but  constituted  ao 
that  the  elasticity  sluill  be  different  in  different  directions,  in  the  man- 
ner we  have  described,  what  will  be  the  course  and  condition  of  the 
waves  in  the  second  medium  ?  AVill  the  effects  of  such  waves  agree 
with  the  phenomena  of  doubly-refracted  light  in  biaxal  crystalal 
Ilcrc  was  a  problem,  striking  to  the  mathematician  for  its  gencndi^ 
and  difficulty,  and  of  deep  interest  to  the  physical  philosopher,  becaoaa 
the  fate  of  a  great  theory  depended  upon  its  solution. 

The  solution,  obtained  by  great  mathematical  skill,  was  laid  before 
the  French  Institute  by  Fresnel  in  November,  1821,  and  was  carried 


EPOCH  OP  YOUNG  AND  FRESNEL.  103 

farther  in  two  Memoirs  presented  in  1822.    Its  import  is  veiy  curious 

The  undalations  which,  coming  from  a  distant  centre,  fall  upon  such  a 

inediuin  as  we  have  described,  are,  it  appears  from  the  principles  of 

meciumics,  propagated  in  a  manner  quite   different  from   anything 

which  had  been  anticipated.    The  "  surface  of  tlie  waves"  (that  is,  the 

surface  which  would  bound  undulations  diverging  from  a  point),  is  a 

very  complex,  yet  symmetrical  curve  surface ;  which,  in  Uie  case  of 

iiniaxal   crystals,  resolves  itself  into  a  sphere  and  a  spheroid ;  but 

whicli,  in  general,  forms  a  continuous  double  envelope  of  the  central 

point  to  which  it  belongs,  intersecting  itself,  and  returning  into  itself. 

The  directions  of  the  rays  are  determined  by  this  curve  surface  in 

biaxal   crystals,   as  in  uniaxal  crystals  they  are  determined  by  the 

sphere  and  the  spheroid ;  and  the  result  is,  that  in  biaxal  crystals,  both 

rays   suffer  extraordinary  refraction  according  to  determinate  laws. 

And  the  positions  of  the  planes  of  polarization  of  the  two  rays  follow 

from  the  same  investigation ;  the  plane  of  polarization  in  every  case 

beisg  supposed  to  be  tliat  which  is  perpendicular  to  the  transvei-se 

vibrations.    Now  it  appeared  that  the  polarization  of  the  two  rays,  as 

determined  by  FrcsneFs  theory,  would  be  in  diroctioiip,  not  indeed 

exactly  accordant  with  the  law  deduced  by  M.  Blot  from  experiment, 

but  deviating  so  little  from  those  direotions,  that  there  (lould  bo  small 

doubt  that  the  empirical  formula  was  wrong,  and  the  theoretical  one 

right. 

The  theory  wis  further  confirmed  by  an  experiment  showing  that, 
in  a  biaxal  cr}'stal  (topaz),  neither  of  the  rays  was  refracted  according 
totiie  ordinary  law,  though  it  had  hitherto  been  supposed  that  one  of 
them  was  so  ;  a  natural  inaccuracy,  sinec  the  error  was  small."  Thus 
this  beautiful  theory  corrected,  while  it  (explained,  the  best  of  the  obser- 
vations which  had  previously  been  made  ;  and  offered  itself  to  mathe- 
maticians with  an  almost  irresistible  power  of  conviction.  The  explana- 
tion of  laws  so  strange  and  diverse  as  those  of  double  retraction  and 
polarization,  by  the  same  general  and  symmetrical  theory,  could  not 
result  from  anything  but  the  truth  of  tho  theory. 

"Long,"  says  Fresncl,"  ''before  I  had  conceived  this  theory,  I  had 
convinced  myself,  by  a  pure  contemplation  of  the  facts,  that  it  was  not 
possible  to  discover  the  true  explanation  of  double  refraction,  without 
explaining,  at  the  same  time,  the  phenomena  of  polarization,  which 
always  goes  along  with  it ;  and  accordingly,  it  was  after  having  found 


^An.  Ch.  xxviii.  p.  261.         "  Sur  la  Double  Rif ,  Mlm.  Inst.  1820.  p  174. 
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what  mode  of  vibration  constituted  polarization,  that  I  caaght  sight  oC 
the  mechanical  causes  of  double  refraction."  ; 

Having  thus  got  possession  of  the  principle  of  the  mechanism  of., 
polarization,  Fresnel  proceeded  to  apply  it  to  the  other  cases  of  poUr^t 
ized  light,  with  a  rapidity  and  sagacity  which  reminds  us  of  the  spiriit 
in  which  Newton  traced  out  the  consequences  of  the  principle  of  uni-. 
versal  gravitation.  In  the  execution  of  his  task,  indeed,  Fresnel  was. 
forced  upon  several  precarious  assumptions,  which  make,  even  yet,  a. 
wide  difference  between  the  theory  of  gravitation  and  that  of  lighL 
But  the  mode  in  which  these  were  confirmed  by  experiment,  compek^ 
us  to  admire  the  happy  apparent  boldness  of  the  calculator. 

The  subject  of  polarization  hy  reflection  was  one  of  those  which' 
ueemed  most  untractable ;  but,  by  means  of  various  artifices  and  con-* 
jectnres,  it  was  broken  up  and  subdued.  Fresnel  began  with  the  sim- 
plest case,  the  reflection  of  light  polarized  in  the  plane  of  reflection  ;4 
which  he  solved  by  means  of  the  laws  of  collision  of  elastic  bodieiit 
lie  then  took  the  reflection  of  light  polarized  perpendicularly  to  thit' 
plane  ;  and  here,  adding  to  the  general  mechanical  principles  a  hypo-" 
thetical  assumption,  that  the  communication  of  the  resolved  motion- 
parallel  to  the  refracting  surface,  takes  place  according  to  the  laws  of 
elastic  bodies,  he  obtains  his  fonnula.  These  results  were  capable  of 
comparison  with  experiment ;  and  the  comparison,  when  made  by  M< 
Arago,  confirmed  the  formula).  They  accounted,  too,  for  Sir  D.  Brew»«'; 
ter's  law  concerning  the  polarizing  angle  (see  Chap,  vi.) ;  and  th»i 
could  not  but  be  looked  upon  as  a  striking  evidence  of  their  having; 
some  real  foundation.  Another  artifice  which  MM.  Fresnel  and  Arag^ 
employed,  in  order  to  trace  the  effect  of  reflection  upon  common  lights 
was  to  use  a  ray  polarized  in  a  plane  making  half  a  right  angle  with 
the  plane  of  reflection  ;  for  the  quantities  of  the  oppositely"  polarized 
light  in  such  an  incident  ray  are  equal,  as  they  are  in  common  light;- 
but  the  relative  quantities  of  the  oppositely  polarized  light  in  th€: 
reflected  ray  are  indicated  by  the  new  plane  of  polarization ;  and  thai; 
these  relative  quantities  become  known  for  the  case  of  common  lights- 
The  results  thus  obtained  were  also  confirmed  by  facts;  and  in  thk' 
manner,  all  that  was  doubtful  in  the  process  of  Fresnel's  reasoning^.-* 
seemed  to  be  authorized  by  its  application  to  real  cases.  ^ 


"  It  will  be  recollected  all  along,  that  oppositely  polarized  rayg  are  thoac 
which  are  polarized  in  two  planes  perpendicular  to  each  other.  See  aboT« 
2hap.  vl 
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lliese  investigations  were  published"  in  1 821.  In  succeeding  years 
FresBcl  nndertook  to  extend  the  application  of  his  formula)  to  a  case  in 
which  tfiey  ceased  to  have  a  meaning,  or,  in  the  language  of  mathema- 
ticians, became  imaginary  ;  namely,  to  the  case  of  internal  reflection 
at  the  surface  of  a  transparent  body.  It  may  seem  strange  to  those 
who  are  not  mathematicians,  but  it  is  undoubtedly  true,  that  in  many 
cases  in  which  the  solution  of  a  problem  directs  impossible  arithmetical 
or  algebraical  operations  to  be  performed,  these  directions  may  be  so 
interpreted  as  to  point  out  a  true  solution  of  the  question.  Such  an 
iDterprctation  Fresnel  attempted"  in  the  case  of  which  wo  now  speak ; 
and  the  result  at  which  he  arrived  was,  that  the  reflection  of  light 
through  a  rhomb  of  glass  of  a  certain  form  (since  called  FresneVs 
r}i(mh\  would  produce  a  polarization  of  a  kind  altogether  different 
from  those  which  his  theoiy  had  previously  considered,  namely,  that 
kind  which  we  have  spoken  of  as  circular  polarization.  The  com- 
plete confirmation  of  this  curious  and  unexpected  result  by  trial,  is 
another  of  the  extraordinary  triumphs  which  have  distinguished  the 
history  of  the  theory  at  every  step  since  tlie  commencement  of  Frcs- 
nePs  labors. 

Bat  anything  further  which  has  been  done  in  this  way,  may  be 
treated  of  more  properly  in  rehiting  the  verification  of  the  theory. 
And  we  have  still  to  speak  of  the  most  numerous  and  varied  class  of 
&ct8  to  which  rival  theories  of  light  were  applied,  and  of  the  cstablish- 
ment  of  the  undulatory  doctrine  in  reference  to  that  department ;  I 
mean  the  phenomena  of  depolarized,  or  rather,  as  I  have  already  said, 
t^tpolarized  light 

<S«^5. — Explanation  of  Dipolar ization  hj  the  Undulatory  Theory. 

^Vhen  Arago,  in  1811,  had  discovered  the  colors  produced  by  pola- 
nzed  light  passing  through  certain  crystals,'"  it  was  natural  that 
attempts  should  be  made  to  reduce  them  to  theory.  M.  Biot,  ani- 
mated by  the  success  of  Mains  in  detecting  the  laws  of  double  refrac- 
tion, and  Young,  knowing  the  resources  of  his  own  theory,  were  the 
first  persons  to  enter  upon  this  undertaking.  M.  Biot's  theory,  though 
in  the  end  displaced  by  its  rival,  is  well  worth  notice  in- the  history  of 
^e  subject  It  was  what  he  called  the  doctrine  of  moveable  polariza- 
'Wm.    Ue  conceived  that  when  the  molecules  of  light  pass  through 


"*  ^n,  aUm.  t  xvii.  "  Bullet.  d(8  Sc.  Feb.  182S.  "  See  chap.  ix. 
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thin  crystalline  plates,  the  plane  of  polarization  undergoes  an  oscilla* 
tion  which  carries  it  backwards  and  forwards  through  a  certain  angle, 
namely,  twice  tlie  angle  contained  between  the  original  plane  of  pola- 
rization and  the  principal  section  of  the  crystal.  The  intervals  which 
this  oscillation  occupies  are  lengths  of  the  path  of  the  ray,  very  minntei 
and  diflferent  for  different  colors,  like  Newton's  fits  of  easy  transmis- 
sion ;  on  which  model,  indeed,  the  new  theory  was  evidently  framed." 
The  colors  produced  in  the  phenomena  of  dipolarization  really  do 
depend,  in  a  periodical  manner,  on  the  length  of  the  path  of  the  light 
through  the  cr}'stal,  and  a  theory  such  as  M.  Biot's  was  capable  of 
being  modified,  and  was  modified,  so  as  to  include  the  leading  featnret 
of  the  facts  as  then  known  ;  but  many  of  its  conditions  being  founded 
on  special  circumstances  in  the  experiments,  and  not  on  the  real  condi- 
tions of  nature,  there  were  in  it  several  incongruities,  as  well  as  the 
general  defect  of  its  being  an  arbitrary  and  unconnected  hypothesis. 

Young^s  mode  of  accounting  for  the  brilliant  phenomena  of  dipo- 
larization appeared  in  the  Quarterly  Review  for  1814.  After  noticing 
the  discoveries  of  MM.  Arago,  Brewster,  and  Biot^  he  adds,  "  We  have 
no  doubt  that  the  surprise  of  these  gentlemen  will  be  as  great  as  our 
own  satisfaction  in  finding  that  they  arc  perfectly  reducible,  like  other 
causes  of  recurrent  colors,  to  the  general  laws  of  the  interference  of 
light  which  have  been  established  in  this  country ;"  giving  a  reference 
to  his  former  statements.  The  results  are  then  explained  by  the  inter- 
ference of  the  ordinary  and  extraordinary  ray.  But,  as  M.  Arago 
properly  observes,  in  his  account  of  this  matter,"  "  It  must,  however, 
be  added  that  Dr.  Young  had  not  explained  either  in  what  circum- 
stances the  interference  of  the  rays  can  take  place,  nor  why  we  see  no 
colors  imless  the  crystallized  plates  are  exposed  to  light  previously 
polarized."  The  explanation  of  these  circumstances  depends  on  the 
laws  of  interference  of  polarized  light  which  MM.  Arago  and  Fresnel 
established  in  181G.  They  then  proved,  by  direct  experiment,  that 
when  polarized  light  wjis  treated  so  as  to  bring  into  view  the  mdit 
marked  phenomena  of  interference,  namely,  the  bands  of  shadows; 
pencils  of  light  which  have  a  common  origin,  and  which  are  polarized 
in  the  parallel  planes,  interfere  completely,  while  those  which  are 


'■^  See  MM.  Arago  and  Biot's  Memoirs,  Mtvi,   Inst,  for  1811 ;   tho  wholt 
volume  for  1812  if*  a  ^lemoir  of  ^L  Biot's  (published  1814);  also  Mhn.  InU.  fof 

1817  ;  M.  Biot's  Mem.  read  in  1818,  publibhed  in  1819  and  for  181 S. 
'"  L'iic.  Brit.  Siipp.  art.  Polarizntton. 
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poUrizcd  in  opposite  (that  is,  perpendicular,)  planes  do  not  interfere 
at  all."  Taking  these  principles  into  the  account,  Fresnel  explained 
very  completely,  by  means  of  the  interference  of  undulations,  all  the 
circnmstances  of  colors  produced  by  crystallized  plates ;  showing  the 
necessity  of  the  polarization  in  the  first  instance ;  the  dipolarizing 
effect  of  the  crystal ;  and  the  office  of  the  analysing  plale,  by  which 
certain  portions  of  each  of  the  two  rays  in  the  crystal  are  made  to 
interfere  and  produce  color.  This  he  did,  as  ho  says,'*  without  being 
aware,  till  Arago  told  him,  that  Young  had,  to  some  extent,  antici- 
pated him.  • 

When  we  look  at  the  history  of  the  emission-theory  of  light,  wo 
see  exactly  what  we  may  consider  as  the  natural  course  of  things  in 
the  career  of  a  false  theory.  Such  a  theory  may,  to  a  certain  extent, 
explam  the  phenomena  which  it  was  at  first  contrived  to  meet;  but 
every  new  class  of  &cts  requires  a  new  supposition, — an  addition  to 
the  machinery  ;  and  as  observation  goes  on,  these  incoherent  appen- 
dages accumulate,  till  they  overwhelm  and  upset  the  original  frame- 
work. Such  was  the  history  of  the  hypothesis  of  solid  epicycles  ;  such 
has  been  the  history  of  the  hypothesis  of  the  material  emission  of 
light  In  its  simple  form,  it  explained  reflection  and  refraction;  but 
the  colors  of  thin  plates  added  to  it  the  hypothesis  of  fits  of  easy 
transmission  and  reflection ;  the  phenomena  of  diffraction  further 
invested  the  particles  with  complex  hypothetical  laws  of  attraction  and 
repulsion ;  polarization  gave  them  sides ;  double  refraction  subjected 
them  to  peculiar  forces  ema'natinjj;  from  the  axes  of  crystals ;  finally, 
dipolarization  loaded  them  with  the  complex  and  unconnected  con- 
trivance of  moveable  polarization;  and  even  when  all  this  had  been 
assumed,  additional  mechanism  was  wanting.  There  is  here  no  unex- 
pected success,  no  happy  coincidence,  no  convergence  of  principles 
fj'om  remote  quarters ;  the  philosopher  builds  the  machine,  but  its 
parts  do  not  fit ;  they  hold  together  only  while  he  presses  thorn  :  this 
is  not  the  character  of  truth. 

In  the  undulatory  theory,  on  the  otlier  hand;  all  tends  to  unity  and 
simplicity.  We  explain  reflection  and  refraction  by  undulations  ; 
'when  we  come  to  thin  plates,  the  requisite  "fits"  are  already  involved 
IP  our  fundamental  hypothesis,  for  they  are  the  length  of  an  undula- 
tion ;  the  phenomena  of  diflfraction  also  require  such  intervals ;  and 
the  intervals  thus  required  agree  exactly  with  the  others  in  magnitude. 


"  Ann.  Chini.  torn.  x.  *  lb.  torn.  xvii.  p.  402. 
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80  that  no  new  property  is  needed.  Polarization  for  a  moment  chedkB 
us ;  but  not  long ;  for  the  direction  of  our  vibrations  is  hitherto  arbi- 
trary ; — we  allow  polarization  to  decide  it.  Having  done  thi«  for 
the  sake  of  polarization,  we  find  that  it  also  answers  an  entirely  dif-  • 
fcrent  purpose,  that  of  giving  the  law  of  double  refraction.  Truth 
may  give  rise  to  such  a  coincidence  ;  falsehood  cannot.  But  the 
phenomena  become  more  numerous,  more  various,  more  strange;  no 
matter :  the  Theory  is  equal  to  them  all.  It  makes  not  a  single  new 
physical  hypothesis ;  but  out  of  its  original  stock  of  principles  it 
educe* the  counterpart  of  all  that  observation  shows.  It  accounts  for, 
explains,  simplifies,  the  most  entangled  cases;  corrects  known  laws 
and  facts ;  predicts  and  discloses  unknown  ones ;  becomes  the  guide 
of  its  former  teacher.  Observation;  and,  enlightened  by  mechanical 
conceptions,  acquires  an  insight  which  pierces  through  shape  and 
color  to  force  and  cause. 

We  thus  reach  the  philosophical  moral  of  this  history^  so  important 
in  reference  to  our  purpose ;  and  here  we  shall  close  the  account  of 
the  discovery  and  promulgation  of  the  undulatory  theory.  Any 
further  steps  in  its  development  and  extension,  may  with  propriety  be 
noticed  in  the  ensuing  chapters,  respecting  its  reception  and  verifica- 
tion* 

[2nd  Ed.]  [In  the  Philosophy  of  the  Inductive  Sciences,  B,  xi.  ch. 
iii.  Sect  11,  I  have  spoken  of  the  Consilience  of  Inductions  as  one  of 
the  characters  of  scientific  truth.  Wo  have  several  striking  instances 
of  such  consilience  in  the  history  of  the  undulatory  theory.  The  phe- 
nomena of  fringes  of  shadows  and  colored  bands  in  crystals  jump 
together  in  the  Theory  of  Vibrations.  The  phenomena  of  polarization 
and  double  refraction  jump  together  in  the  Theory  of  Crystalline 
Vibrations.  The  phenomena  of  polarization  and  of  the  interference 
of  polarized  rays  jump  together  in  the  Theory  of  Transverse  Vibrations. 

The  proof  of  what  is  above  said  of  the  undulatory  theory  is  con- 
tained in  the  previous  history.  This  theory  has  "  accounted  for,  ex- 
plained, and  simplified  the  most  entangled  cases ;"  as  the  cases  of  fringes 
of  shadows;  shadows  of  gratings;  colored  bands  in  biaxal  crystals,  and 
in  quartz.  There  are  no  optical  phenomena  more  entangled  than  these.' 
It  has  "  corrected  experimental  laws,"  as  in  the  case  of  M.  Biot's  law 
of  the  direction  of  polarization  in  biaxal  crystals.  It  has  done  ihisi 
•*  without  making  any  new  physical  hypothesis ;"  for  the  transverse 
direction  of  vibrations,  the  difierent  optical  elasticities  of  crystals  in 
different  directions,  a"id  (if  it  be  adopted)  the  hypothesis  of  finite 
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intenrals  of  the  particles  (see  chap.  x.  and  hereafter,  chap,  xiii.),  are 
only  limitations  of  what  was  indefinite  in  the  earlier  form  of  the  hypo- 
thesis. And  so  far  as  the  properties  of  visible  radiant  light  are  con- 
cerned, I  do  not  think  it  at  all  too  much  to  say,  as  M.  Schwerd  has 
said,  ihaX  "  the  undulation  theory  accounts  for  the  phenomena  as  com- 
pletely as  the  theory  of  gravitation  does  for  the  facts  of  the  solar  system." 

T!iis  we  might  say,  even  if  some  facts  were  not  yet  fully  explained ; 
hr  there  were  till  very  lately,  if  there  are  not  still,  such  unexplained 
fiwtB  with  regard  to  the  theory  of  gravitation,  presented  to  us  by  the 
solar  system.  With  regard  to  the  undulatory  theory,  these  exceptions 
are,  I  think,  disappearing  quite  as  rapidly  and  as  completely  as  in  the 
case  of  gravitation.  It  is  to  be  observed  that  no  presumption  against 
the  theory  can  with  any  show  of  reason  be  collected  from  the  cases 
b  which  classes  of  phenomena  remain  unexplained,  the  theory  having 
never  been  applied  to  them  by  any  mathematician  capable  of  tracing 
its  results  correctly.  The  history  of  the  theory  of  gravitation  may 
show  OS  abundantly  how  necessary  it  is  to  bear  in  mind  this  caution ; 
and  the  results  of  the  undulatory  theory  cannot  be  traced  without  great 
mathematical  skill  and  great  labor,  any  more  than  those  of  gravitation. 

This  remark  applies  to  such  cases  as  that  of  the  transverse  fringes 
of  grooved  surfaces.  The  general  phenomena  of  these  cases  are  per- 
fectly explained  by  the  theory.  But  there  is  an  interruption  in  the 
light  in  an  oblique  direction,  which  has  not  yet  been  explained ;  but 
looking  at  what  has  been  done  in  other  cases,  it  is  impossible  to  doubt 
that  this  phenomenon  depends  upon  the  results  of  certain  integrations, 
and  would  be  explained  if  these  were  rightly  performed. 

The  phenomena  of  crystallized  surfaces,  and  especially  their  effects 
iipon  the  plane  of  polarization,  were  examined  by  Sir  D.  Brewster, 
Md  laws  of  the  phenomena  made  out  by  him  with  his  usual  skill 
Md  sagacity.  For  a  time  these  were  unexplained  by  the  theory. 
But  recently  Mr.  Mac  Cullagh  has  traced  the  consequences  of  the 
^eory  in  this  case,'*  and  obtained  a  law  which  represents  with  much 
siactness.  Sir  D.  Brewster's  observation. 

The  phenomena  which  Sir  D.  Brewster,  in  1837,  called  a  new  pro- 
l^ty  of  light,  (certain  appearances  of  the  spectrum  when  the  pupil 
of  the  eye  is  half  covered  with  a  thin  glass  or  crystal,)  have  been  ex- 
plained by  Mr.  Airy  in  the  Phil.  Trans,  for  1840. 

Mr.  Airy's  explanation  of  the  phenomena  termed  by  Sir  D.  Brew 


"  Prof.  Lloyd's  Report,  Brit.  Assoc.  1834,  p.  874. 
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stcr  a  new  property  of  lights  is  completed  in  the  Phil^sophim 
Magazine  for  November,  1846.  It  is  there  shown  that  a  depcndeno 
of  the  breadth  of  the  bands  upon  the  aperture  of  the  pupil,  wliid 
had  been  supposed  to  result  from  the  theory,  and  which  does  no 
appear  in  the  experiment,  did  really  result  from  certain  limited  con 
ditions  of  the  hypothesis,  which  conditions  do  not  belong  to  thi 
experiment;  and  that  when  the  problem  is  solved  without  tboi 
limitations,  the  discrepance  of  theory  and  observation  vanishes ;  M 
that,  as  Mr.  Airy  says,  "  this  very  remarkable  experiment,  which  lo]|| 
appeared  inexplicable,  seems  destined  to  give  one  of  the  strongei 
confirmations  to  the  TJndulatory  Theory." 

I  may  remark  also  that  there  is  no  force  in  the  objection  which  hi 
been  urged  against  the  admirers  of  the  undulatory  theory,  that  by  tb 
fulness  of  their  assent  to  it,  they  discourage  further  researches  whid 
may  contradict  or  confirm  it.  We  miLst^  in  this  point  of  view  ahu 
look  at  the  course  of  the  theory  of  gravitation  and  its  results.  Hn 
acceptance  of  that  theory  did  not  prevent  mathematicians  aiM 
observers  from  attending  to  the  apparent  exceptions,  but  on  the  con 
trary,  stimulated  them  to  calculate  and  to  observe  with  additiona 
ical,  and  still  does  so.  The  acceleration  of  the  Moon,  the  mutiui 
disturbances  of  Jupiter  and  Saturn,  the  motions  of  Jupiter's  Satellite! 
£he  effect  of  the  Earth's  oblatcness  on  the  Moon's  motion,  the  motioii 
of  the  Moon  about  her  own  centre,  and  many  other  phenomena,  wen 
studied  witli  the  greater  attention,  because  the  general  theory  w« 
deemed  bo  convincing :  and  the  same  cause  makes  the  remaining  ex 
ceptions  objects  of  intense  interest  to  astronomers  and  mathematiciani 
The  mathematicians  and  optical  experimenters  who  accept  the  undo 
latory  theory,  will  of  course  follow  out  their  conviction  in  the  sanM 
manner.  Accordingly,  this  has  been  done  and  is  still  doing,  as  fa 
Mr.  Airy's  mathematical  investigation  of  the  effect  of  an  annnlsi 
aperture  ;  Mr.  Earnshaw's,  of  the  effect  of  a  triangular  aperture  ;  Mr 
Talbot's  explanation  of  the  effect  of  interposing  a  film  of  mica  be 
tween  a  part  of  the  pupil  and  the  pure  spectrum,  so  nearly  approach 
ing  to  the  phenomena  which  have  been  spoken  of  as  a  new  Polari^ 
of  Light ;  besides  other  labors  of  eminent  mathematicians,  elsewhen 
mentioned  in  these  pages. 

The  phenomena  of  the  absorption  of  light  have  no  especial  beario| 
upon  the  undulatory  theory.  There  is  not  much  difficulty  in  explain 
ing  the  possibility  of  absorption  upon  the  theory.  When  the  ligkl 
is  absorbed,  it  ceases  to  belong  to  the  theory. 
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For,  as  I  have  said,  the  thcor}'  professes  only  to  explain  the  pheno- 
mciu  of  radiant  vmble  light.  We  know  very  well  that  light  has 
otiier  bearings  and  properties.  It  produces  chemical  effects.  The 
optical  polarity  of  crystals  is  connected  with  the  chemical  polarity  of 
their  constitution.  The  natural  colors  of  bodies,  too,  are  connected 
with  their  chemical  constitution.  Light  is  also  connected  with  heat 
The  undulatory  theory  does  not  undertake  to  explain  these  properties 
and  their  connexion.  If  it  did,  it  would  be  a  Theory  of  Heat  and  of 
Chemical  Composition,  as  well  as  a  Theory  of  Light 

Dr.  Faraday's  recent  experiments  have  shown  that  the  magnetic 
polarity  is  directly  connected  with  that  optical  pojarity  by  which  the 
plane  of  polarization  is  affected.  When  the  lines  of  magnetic  force 
pas  through  certain  transparent  bodies,  they  communicate  to  them  a 
certain  kind  of  circular  polarizing  power ;  yet  different  from  the  cir- 
cular polarizing  power  of  quartz,  and  certain  fluids  mentioned  in 
chapter  ix. 

Perhaps  I  may  be  allowed  to  refer  to  this  discovery  as  a  further 
illustration  of  the  views  I  have  offered  in  the  Philosophy  of  the  In- 
ductiv€  Sciences  respecting  the  Connexion  of  Co-existent  Polarities, 
(B.v.Chap.ii.)l 


CHATTER  XII. 

Sequel  to  the  Epoch  of  Young   and   Fresnel.     Reception   of 
THE  Undulatory  Theory. 

TFIIEN  Young,  in  1800,  published  his  assertion  of  the  Principle  of 
"  Interferences,  as  the  true  theory  of  optical  phenomena,  the  con- 
<iition  of  England  was  not  very  favorable  to  a  fair  appreciation  of  the 
value  of  the  new  opinion.  The  men  of  science  were  strongly  prc-occu- 
pied  in  favor  of  the  doctrine  of  emission,  not  only  from  a  national 
interest  in  Newton's  glory,  and  a  natur.il  reverence  for  his  authority, 
^ut  also  from  deference  towards  the  geometers  of  France,  who  were 
looked  up  to  as  our  nuistcrs  in  the  application  of  matlicniaties  to  phy- 
sics, and  who  were  understood  to  be  Newtonians  in  this  as  in  other 
8object«.  A  general  tendency  to  an  atomic  philosophy,  which  had 
^^n  'to  appear  from  the  time  of  Newton,  operated  powerfully  ;  and 
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the  hypothesis  of  emission  was  so  easily  conceived,  that,  when  recom^ 
mended  by  higli  authority,  it  easily  became  popular;  while  the 
hypothesis  of  liiminiferous  undulations,  unavoidably  difficult  to  compre- 
hend,  even  by  the  aid  of  steady  thought,  was  neglected,  and  all  but 
forgotten. 

Yet  tlie  reception  which  Young^s  opinions  met  with  was  more  hanh 
than  he  might  have  expected,  even  taking  into  account  all  these  con* 
siderations.  But  there  was  in  England  no  visible  body  of  men,  fitted 
by  their  knowledge  and  charact<;r  to  pronounce  judgment  on  such  a 
question,  or  to  give  the  proper  impulse  and  bias  to  public  opinion. 
The  Royal  Society,  for  instance,  had  not^  for  a  long  time,  by  custom  or 
institution,  possessed  or  aimed  at  such  functions.  The  writers  of 
"Reviews"  alone,  self-constituted  and  secret  tribunals,  claimed  this 
kind  of  authority.  Among  these  publications,  by  far  the  most  distin* 
guished  about  this  period  was  the  Ediriburgh  Review  ;  and,  including 
among  its  contributors  men  of  eminent  science  and  great  talentSi 
employing  also  a  robust  and  poignant  style  of  writing  (often  certainly 
in  a  very  unfair  manner),  it  naturally  exercised  great  influence.  On 
abstruse  doctrines,  intelligible  to  few  persons,  more  than  on  other  sub- 
jects, the  opinions  and  feelings  expressed  in  a  Review  must  bo  those 
of  the  individual  reviewer.  The  criticism  on  some  of  Young's  early 
papers  on  optics  was  written  by  Mr.  (afterwards  Lord)  Brougham,  who, 
as  we  have  seen,  had  experimented  on  diffraction,  following  the  New- 
tonian view,  that  of  inflexion.  Mr.  Brougham  was  perhaps  at  this 
tim^  young  enough*  to  be  somewhat  intoxicated  with  the  appearance 
of  judicial  authority  in  matters  of  science,  which  his  office  of  anony- 
mous reviewer  gave  him :  and  even  in  middle-life,  he  was  sometimei 
considered  to  be  prone  to  indulge  himself  in  severe  and  sarcastic 
expressions.  In  January,  1803,  was  published'  his  critique  on  Dr. 
Young's  Bakerian  Lecture,  On  the  Theory  of  Light  and  ColorSy  in 
which  lecture  the  doctrine  of  undulations  and  the  law  of  interferences 
was  maintained.  This  critique  was  an  unintemipted  strain  of  blame 
and  rebuke.  "  This  paper,"  the  reviewer  said, "  contains  nothing  which 
deserves  the  name  either  of  experiment  or  discovery."  lie  charged 
the  writer  with  "  dangerous  relaxations  of  the  principles  of  physical 
logic."  "  Wc  wish,"  he  cried,  "  to  recall  philosophers  to  the  strict  and 
severe  methods  of  investigation,"  describing  them  as  those  pointed  out 
by  Bacon,  Newton,  and  the  like.    Finally,  Dr.  Young's  speculation! 


*  Hifl  age  was  twenty  four.  '  £din.  Review,  vol  L  p.  450. 
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were  spoken  of  as  a  hypothesis,  which  is  a  mere  work  of  fancy ;  and 
the  critic  added, "  we  cannot  conclude  our  review  without  entreating 
Uie  attention  of  the  Royal  Society,  which  has  admitted  of  late  so  many 
lustjand  unsubstantial  papers  into  its  Transactions  /'  which  habit  he 
oiged  them  to  reform.  The  same  aversion  to  the  undulatory  theory 
vpfem  soon  after  in  another  article  by  the  same  reviewer,  on  the  sub- 
jeet  of  Wollaston's  measures  of  the  refraction  of  Iceland  spar ;  he  says, 
'^  We  are  much  disappointed  to  find  that  so  acute  and  ingenious  an 
experimentalist  should  have  adopted  the  wild  optical  theory  of  vibra- 
tifflB."  The  reviewer  showed  ignorance  as  well  as  prejudice  in  the 
cooiae  of  his  remarks ;  and  Young  drew  up  an  answer,  which  was  ably 
written,  but  being  published  separately  had  little  circulation.  Wc  can 
bidly  doubt  that  these  Edinburgh  reviews  had  their  effect  in  confirm- 
ing the  general  disposition  to  reject  the  undulatory  theory. 

We  may  add,  however,  that  Young's  mode  of  presenting  his  opinions 
wamotthe  most  likely  to  win  them  &vor;  for  his  mathematical  rea- 
soningi  placed  them  out  of  the  reach  of  popular  readers,  while  the 
"fvtii  of  symmetry  and  system  in  his  symbolical  calculations,  deprived 
them  of  attractiveness  for  the  mathematician.  He  himself  gave  a 
wjnst  criticism  of  his  own  style  of  writing,  in  speaking  on  another 
of  his  works  :*  "  The  mathematical  reasoning,  for  want  of  mathemati- 
cal symbols,  was  not  understood,  even  by  tolerable  mathematicians. 
From  a  dislike  of  the  affectation  of  algebraical  formality  which  he  had 
observed  in  some  foreign  authors,  he  was  led  into  something,  like  an 
affectation  of  simplicity,  which  was  equally  inconvenient  to  a  scientific 
reader." 

Young  appears  to  have  been  aware  of  his  own  deficiency  in  the 
power  of  drawing  public  favor,  or  even  notice,  to  his  discoveries.  In 
1802,  Davy  writes  to  a  friend,  "Have  you  seen  the  theory  of  my 
colleague,  Dr.  Young,  on  the  undulations  of  an  ethereal  medium  as 
the  cause  of  light  ?  It  is  not  likely  to  be  a  popular  hypothesis,  after 
what  has  been  said  by  Newton  concerning  it.  He  would  be  very  much 
flitteied  if  you  couldx>ffer  any  observations  upon  it,  whether  for  or 
ftgomt  it,^  Young  naturally  felt  confident  in  his  power  of  refuting 
objections,  and  wanted  only  the  opportunity  of  a  public  combat. 

Dr.  Brewster,  who  was,  at  this  period,  enriching  optical  knowledge 
with  80  vast  a  train  of  new  phenomena  and  laws,  shared  the  general 
aversion  to  the  undulatory  theory,  which,  indeed,  he  hardly  overcame 


'  See  Life  of  Young,  p.  64. 
Vox.  n.— 8. 
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thirty  years  later.  Dr.  Wollaston  was  a  person  whose  character  lod 
him  to  look  long  at  the  laws  of  phcDomcna,  before  he  attempted  to 
detcnninc  their  causes ;  and  it  does  not  appear  that  he  had  decided 
the  claims  of  the  rival  theories  in  his  own  mind.  Herschel  (I  now 
apeak  of  the  son)  had  at  first  the  general  mathematical  prejudice  in 
favor  of  the  emission  doctrine.  Even  when  he  had  himself  studied 
and  extended  the  laws  of  dipolarized  phenomena,  he  translated  them 
into  the  language  of  the  theory  of  moveable  polarization.  In  I81ft| 
he  refers  to,  and  corrects,  this  theory ;  and  says,  it  is  now  "  relieved 
from  every  diflSculty,  and  entitled  to  rank  with  the  fits  of  easy  traoft- 
mission  and  reflection  as  a  general  and  simple  physical  law ;"  a  just 
judgment,  but  one  which  now  conveys  less  of  praise  than  he  then  in- 
tended. At  a  later  period,  he  remarked  that  we  cannot  be  certain  that 
if  the  theory  of  emission  had  been  as  much  cultivated  as  that  of  undu- 
lation, it  might  not  have  been  as  successful ;  an  opinion  which  wat 
certainly  untenable  after  the  fair  trial  of  the  two  theories  in  the  caae 
of  diffraction,  and  extravagant  after  FrcsnePs  beautiful  explanation  rf 
double  refraction  and  polarization.  Even  in  182Y,  in  a  Treatise  on  Lighif 
published  in  the  EncyclopcBdia  Metrojyolitana^  he  gives  a  section  to  the 
calculations  of  the  Newtonian  theory ;  and  appears  to  consider  the 
rivalry  of  the  theories  as  still  subsisting.  But  yet  he  there  speaks  with 
a  proper  appreciation  of  the  advantages  of  the  new  doctrine.  After 
tracing  the  prelude  to  it^  he  says,  "  But  the  unpursued  speculations  of 
Newton^  and  the  opinions  of  Hooke,  however  distinct,  must  not  be  pot 
in  competition,  and,  indeed,  ought  scarcely  to  be  mentioned,  with  the 
elegant,  simple,  and  comprehensive  theory  of  Young, — a  theory  whidii 
if  not  founded  in  nature,  is  certainly  one  of  the  happiest  fictions  that 
the  genius  of  man  ever  invented  to  grasp  together  natural  phenomena 
which,  at  their  first  discovery,  seemed  in  irreconcilcable  opposition  to 
it.  It  is,  in  fact,  in  all  its  applications  and  details,  one  succession  of 
felicities  ;  insomuch,  that  we  may  almost  be  induced  to  say,  if  it  he 
not  tnie,  it  deserves  to  be  so." 

In  France,  Young's  theory  was  little  noticed  or  known,  except  per- 
haps by  M.  Arago,  till  it  was  revived  by  Fresnel.  And  though  Fresnel't 
assertion  of  the  undulatory  theory  was  not  so  rudely  received  as  Yoong^t 
had  been,  it  met  with  no  small  opposition  from  the  older  mathematt* 
cians,  and  made  its  way  slowly  to  the  notice  and  comprehension  of  men 
of  science.  M.  Arago  would  perhaps  have  at  once  adopted  the  concept 
tion  of  transverse  vibrations,  when  it  was  suggested  by  his  fellow- 
laborer,  Fresnel,  if  it  had  not  been  that  he  was  a  member  of  tlie  Insti- 
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tate,  and  had  to  bear  the  brunt  of  the  war,  in  the  frequent  discussions 
on  Ae  undulatory  theory  ;  to  which  theory  Laplace,  and  other  leading 
members,  were  so  vehemently  opposed,  that  they  would  not  even  listen 
▼itii  toleration  to  the  arguments  in  its  favor.  I  do  not  know  how  far 
inflnences  of  this  kind  might  operate  in  producing  the  delays  which 
took  place  in  the  publication  of  Fresnel's  papers.  We  have  seen  that 
lie  arrived  at  the  conception  of  transverse  vibrations  in  1^0,  as  the 
tree  key  to  the  understanding  of  polarization.  In  1817  and  1818,  in 
a  memoir  read  to  the  Institute,  he  analysed  and  explained  the  perplex- 
ing phenomena  of  quartz,  which  he  ascribed  to  a  circular  polarization. 
This  memoir  had  not  been  printed,  nor  any  extract  from  it  inserted  in 
the  scientific  journals,  in  1822,  when  he  confirmed  his  views  by  further 
experiments.*  His  remarkable  memoir,  which  solved  the  extraordinary 
»nd  capital  problem  of  the  connexion  of  double  refraction  and  crystal- 
Won,  though  written  in  1821,  was  not  published  till  1827.  He 
appeals  by  this  time  to  have  sought  other  channels  of  publication.  In 
1822,  he  gave,'  in  the  Annates  de  Chimie  et  de  Physique,  an  explana- 
tion of  refraction  on  the  principles  of  the  undulatory  theory  ;  alleging, 
as  the  reason  for  doing  so,  that  the  theory  was  still  little  known.  And 
insacceeding  years  there  appeared  in  the  same  work,  his  theory  of  re- 
flection. His  memoir  on  this  subject  [Memoire  sicr  la  Lai  des  Modifi- 
catims  que  la  Reflexion  imprime  a  la  Lumiere  Polarisee,)  was  read  to 
the  Academy  of  Sciences  in  1853.  But  the  original  paper  was  mis- 
laid, and,  for  a  time,  supposed  to  be  lost ;  it  has  since  been  recovered 
among  the  papers  of  M.  Fourier,  and  printed  in  the  eleventh  volume 
of  the  Memoirs  of  the  Academy.'  Some  of  the  speculations  to  which 
he  refers,  as  communicated  to  the  Academy,  have  never  yet  appeared.'' 
Still  Fresnel's  labors  were,  from  the  first,  duly  appreciated  by  some 
of  the  most  eminent  of  his  countrymen.  His  Memoir  on  Diffraction 
was,  as  we  have  seen,  crowned  in  1819  :  and,  in  1822,  a  Report  upon 
his  Memoir  on  Double  Refraction  was  drawn  up  by  a  commission 
consisting  of  MM.  Ampere,  Fourier,  and  Arago.  In  this  report"  Frcs- 
neFs  theory  is  spoken  of  as  confirmed  by  the  most  delicate  tests.  The 
reporters  add,  respecting  his  "  theoretical  ideas  on  the  particular  kind 
of  undulations  which,  according  to  him,  constitute  light,"  that  "  it 
would  be  impossible  for  them  to  pronounce  at  present  a  decided  jndg- 


*  Hersch.  Light,  p.  539.  *  Ann.  de  Chim.  1822,  torn.  xxi.  p.  235. 

•  Doyd  JReport  on  Optics,  p.  363.     (Fourth  Rep.  of  Brit.  Ass.) 
'  lb.  p.  316,  note.  "  Ann,  Chim.  torn.  xx.  p.  848. 
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ment,''  but  that  ^^  they  have  not  thought  it  right  to  delay  any  longei 
making  known  a  work  of  which  the  difficulty  is  attested  by  the  fruit- 
less efforts  of  the  most  skilful  philosophers,  and  in  which  are  exhibited, 
in  the  same  brilliant  degree,  the  talent  for  experiment  and  the  spirit 
of  invention." 

In  the  meantime,  however,  a  controversy  between  the  theory  of 
undulations  and  the  theory  of  moveable  polarization  which  M.  Biot 
had  proposed  with  a  view  of  accounting  for  the  colors  produced  by 
dipolarizing  crystals,  had  occurred  among  the  French  men  of  science. 
It  is  clear  that  in  some  main  features  the  two  theories  coincide ;  the  . 
intervals  of  interference  in  the  one  theory  being  represented  by  the 
intervals  of  the  oscillations  in  the  other.  But  these  intervals  in  M. 
Biotas  explanations  were  arbitrary  hypotheses,  suggested  by  these  yeiy 
facts  themselves ;  in  FresnePs  theory,  they  were  essential  parts  of  the 
general  scheme.  M.  Biot,  indeed,  does  not  appear  to  have  been 
averse  from  a  coalition ;  for  he  allowed*  to  Fresnel  that  "  the  theoiy 
of  undulations  took  the  phenomena  at  a  higher  point  and  carried 
them  further."  And  M.  Biot  could  hardly  have  dissented  from  M. 
Arago's  account  of  the  matter,  that  Fresners  views  "  linked  together^^^ 
the  oscillations  of  moveable  polarization.  But  Fresnel,  whose  hypo- 
thesis was  all  of  one  piece,  could  give  up  no  part  of  it,  although  he 
allowed  the  usefulness  of  M.  Biot's  formulae.  Yet  M.  Biot's  specula- 
tions fell  in  better  with  the  views  of  the  leading  mathematicians  of 
Paris.  We  may  consider  as  evidence  of  the  favor  with  which  they 
were  looked  upon,  the  large  space  they  occupy  in  the  volumes  of  the 
Academy  for  1811,  1812,  1817,  and  1818.  In  1812,  the  entire  vo- 
lume is  filled  with  a  memoir  of  M.  Biot's  on  the  subject  of  moveaMe 
polarization.  This  doctrine  also  had  some  advantage  in  coming  eariy 
before  the  world  in  a  didactic  form,  in  his  Traite  de  Physique^  which 
was  published  in  1816,  and  was  the  most  complete  treatise  on  geneiid 
physics  which  had  appeared  up  to  that  time.  In  this  and  others  of 
this  author's  writings,  he  expresses  facts  so  entirely  in  the  terms  of  his 
own  hypothesis,  that  it  is  difficult  to  separate  the  two.  In  the  seqnd 
M.  Arago  was  the  most  prominent  of  M.  Biot's  opponents ;  and  in  his 
report  upon  Fresnel's  memoir  on  the  colors  of  crystalline  plates,  he 
exposed  the  weaknesses  of  the  theory  of  moveable  polarization  with 
some  severity.  The  details  of  this  controversy  need  not  occupy  us ; 
but  we  may  observe  that  this  may  be  considered  as  the  last  struggle 


•  Ann,  Chinu  torn.  xviL  p.  261.  "  "Nouait.'' 
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in  fiivor  of  the  theory  of  emission  among  mathematicians  of  emi- 
nence. After  this  crisis  of  the  war,  the  theory  of  moveable  polariza- 
tion lost  its  ground ;  and  the  explanations  of  the  undulatory  theory, 
ud  ihe  calculations  belonging  to  it,  being  published  in  the  AnnaUs 
ie  Ckimie  et  de  Physiqite,  of  which  M.  Arago  was  one  of  the  conduct- 
on,  soon  diffused  it  over  Europe. 

It  waB  probably  in  consequence  of  the  delays  to  which  we  have 
refiared,  in  the  publication  of  Fresnel's  memoirs,  that  as  late  as  De- 
cember, 1826,  the  Impei-ial  Academy  at  St  Petersburg  proposed,  as 
one  of  their  prize-questions  for  the  two  following  years,  this, — "  To 
deliver  the  optical  system  of  waves  fix)m  all  the  objections  which  have 
(as  it  appears)  with  justice  been  urged  against  it,  and  to  apply  it  to 
&e  polarization  and  double  refraction  of  light."  In  the  programme 
to  this  announcement,  Fresnel's  researches  on  the  subject  are  not 
jflnded  to,  though  his  memoir  on  diff^raction  is  noticed ;  they  were, 
therefore,  probably  not  known  to  the  Russian  Academy. 

Toang  was  always  looked  upon  as  a  person  of  marvellous  variety 
of  attainments  and  extent  of  knowledge;  but  during  his  life  he 
hardly  held  that  elevated  place  among  great  discoverers  which  poste- 
rity will  probably  assign  him.  In  1 802,  ho  was  constituted  Foreign 
Secretary  of  the  Royal  Society,  an  office  which  he  held  daring  life ; 
in  1827  he  was  elected  one  of  the  eight  Foreign  Members  of  the  In- 
stitute of  France ;  perhaps  the  greatest  honor  which  men  of  science 
nsnally  receive.  The  fortune  of  his  life  in  some  other  respects  was  of 
a  mingled  complexion.  Ilis  profession  of  a  physician  occupied,  suffi- 
ciently to  fetter,  without  rewarding  him  ;  while  he  was  Lecturer  at  the 
Royal  Institution,  he  was,  in  his  lectures,  too  profound  to  be  popular ; 
and  his  office  of  Superintendent  of  the  Nauticcd  Almanac  subjected 
him  to  much  minute  labor,  and  many  petulant  attacks  of  pamphleteers. 
On  the  other  hand,  he  had  a  leading  part  in  the  discovery  of  the  long- 
wnght  key  to  the  Egyptian  hieroglyphics ;  and  thus  the  age  which 
was  marked  by  two  great  discoveries,  one  in  science  and  one  in  litera- 
tore,  owed  them  both  in  a  great  measure  to  him.  Dr.  Young  died  in 
1829,  when  he  had  scarcely  completed  his  fifty-sixth  year.  Fresnel 
was  snatched  from  science  still  more  prematurely,  dying,  in  1827,  at 
the  early  age  of  thirty-nine. 

We  need  not  say  that  both  these  great  philosophers  possessed,  in  ar. 
eminent  degree,  the  leading  characteristics  of  the  discoverer's  mind, 
perfect  clearness  of  view,  rich  fertility  of  invention,  and  intense  love 
of  knowledge.     We  cannot  read  without  great  interest  a  letter  of 
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Fresnel  to  Young,"  in  November,  1824  :  "  For  a  long  time  that  &eii» 
sibility,  or  that  vanity,  which  people  call  love  of  glory,  is  much  blunted 
in  me.  I  labor  much  less  to  catch  the  suffrages  of  the  public,  than  to 
obtain  an  inward  approval  which  has  always  been  the  sweetest  reward 
of  my  efforts.  Without  doubt  I  have  often  wanted  the  spur  of  vani^ 
to  excite  me  to  pursue  my  researches  in  moments  of  disgust  and  dift- 
couragement  But  all  the  compliments  which  I  have  received  firou 
MM.  Arago,  De  Laplace,  or  Biot,  never  gave  mo  so  much  pleasure  at 
the  discovery  of  a  theoretical  truth,  or  the  confirmation  of  a  calcal*- 
tion  by  experiment." 

Though  Young  and  Fresnel  were  in  years  the  contemporaries  of 
many  who  are  now  alive,  we  must  consider  ourselves  as  standing  Uh 
wards  them  in  the  relation  of  posterity.  The  Epoch  of  Induction 
in  Optics  is  past ;  we  have  now  to  trace  the  Verification  and  Applicft* 
tion  of  the  true  theory. 


CHAPTER  XIII. 
Confirmation  and  Extension  of  the  XJNDULATORr  Theory. 

AFTER  the  undulatory  theory  had  been  developed  in  all  its  maia 
features,  by  its  great  authors,  Young  and  Fresnel,  although  il 
bore  marks  of  truth  that  could  hardly  be  fallacious,  there  was  stil 
here,  as  in  the  case  of  other  great  theories,  a  period  in  which  difficoih 
ties  were  to  be  removed,  objections  answered,  men's  minds  familiarized 
to  the  new  conceptions  thus  presented  to  them  ;  and  in  which,  also,  il 
might  reasonably  be  expected  that  the  theory  would  be  extended  to 
facts  not  at  first  included  in  its  domain.  This  period  is,  indeed,  thlt 
in  which  we  are  living ;  and  we  might,  perhaps  with  propriety,  avoid 
the  task  of  speaking  of  our  living  contemporaries.  But  it  would  hb 
unjust  to  the  theory  not  to  notice  some  of  the  remarkable  eventiy 
characteristic  of  such  a  period,  which  have  already  occurred ;  and  ihit 
may  be  done  very  simply. 


"  I  was  able  to  give  this,  and  some  other  extracts,  from  the  then  unedited 
correspondence  of  Young  and  Fresnel,  by  the  kindness  of  (the  Dean  of  Ely) 
Professor  Peacock,  of  Trinity  College,  Cambridge,  whose  Life  of  Dr.  Young  Iim 
since  been  published. 
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In  the  case  of  this  great  theory,  as  in  that  of  gravitation,  by  far  the 
mo6t  remarkable  of  these  confirmatory  researches  were  conducted  by 
the  anthors  of  the  discover}^,  especially  Fresnel.  And  in  looking  at 
what  he  conceived  and  executed  for  this  purpose,  we  are,  it  appears  to 
me,  strongly  reminded  of  Newton,  by  the  wonderful  inventiveness  and 
ugacity  with  which  he  devised  experiments,  and  applied  to  them 
mathematical  reasonings. 

1.  Double  Refraction  of  Compressed  Glass, — One  of  these  confir- 
matory experiments  was  the  production  of  double  refraction  by  the 
cmpression  of  glass.  Fresnel  observes,*  that  though  Sir  D.  Brewster 
had  shown  that  glass  under  compression  produced  colors  resembling 
those  which  are  given  by  doubly-refracting  crystals,  "very  skilful 
physicists  had  not  considered  those  experiments  as  a  suflScient  proof 
of  the  bifurcation  of  the  light."  In  the  hypothesis  of  moveable  polar 
rization,  it  is  added,  there  is  no  apparent  connexion  between  thes<j 
phenomena  of  coloration  and  double  refraction;  but  on  Young's 
theory,  that  the  colors  arise  from  two  rays  which  have  traversed  the 
crystal  vrith  different  velocities,  it  appears  almost  unavoidable  to 
admit  also  a  difference  of  path  in  the  two  rays. 

"Thongh,"  he  says,  "I  had  long  since  adopted  this  opinion,  it  did 
not  appear  to  me  so  completely  demonstrated,  that  it  was  right  to  ne- 
glect an  experimental  verification  of  it;"  and  therefore,  in  1819,  he 
proceeded  to  satisfy  himself  of  the  fact,  by  the  phenomena  of  diffrac- 
tion. The  trial  left  no  doubt  on  the  subject;  but  he  still  thought  it 
would  be  interesting  actually  to  produce  two  images  in  glass  by  com- 
pression ;  and  by  a  highly-ingenious  combination,  calculated  to  exag- 
gerate the  eflfect  of  the  double  refraction,  which  is  very  feeble,  even 
'^hen  the  compression  is  most  intense,  he  obtained  two  distinct 
images.  This  evidence  of  the  dependence  of  dipolarizing  structure 
iipon  a  doubly-refracting  state  of  particles,  thus  excogitated  out  of  the 
general  theory,  and  verified  by  trial,  may  well  be  considered,  as  he 
says, "  as  a  new  occasion  of  proving  the  infallibility  of  the  principle  of 
interferences." 

2.  Circular  Polarization, — Fresnel  then  turned  his  attention  to 
another  set  of  experiments,  relat^id  to  this  indeed,  but  by  a  tic  so 
recondite,  that  nothmg  less  than  his  clearness  and  acutencss  of  view 
could  have  detected  any  connexion.  The  optical  properties  of  quartz 
had  been  perceived  to  be  peculiar,  from  the  period  of  the  discovery 


*  Ann.  de  Chun.  1822,  torn.  xx.  p.  377 
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of  dipolarized  colors  by  MM.  Arago  and  Biot  At  the  end  of  thi 
Notice  just  quoted,  Fresnel  says,'  "  As  soon  as  my  occupations  p^cd 
me,  I  propose  to  employ  a  pile  of  prisms  similar  to  that  which  I  haf| 
described,  in  order  to  study  the  double  refraction  of  the  rays  whid| 
traverse  crystals  of  quartz  in  the  direction  of  the  axis.**  He  then  Yvm 
tures,  without  hesitation,  to  describe  beforehand  what  the  phenomeU 
will  be.  In  the  Bulletin  des  Sciences*  for  December,  1822,  it  ii 
stated  that  experiment  had  confirmed  what  he  had  thus  announced. 

The  phenomena  are  those  which  have  since  been  i^ken  of  as  drtm 
lar  polarization  ;  and  the  term  first  occurs  in  this  notice/  They  9m 
very  remarkable,  both  by  their  resemblances  to,  and  their  differenoil 
from,  the  phenomena  of  plane-polarized  light.  And  the  manner  il 
which  Fresnel  was  led  to  this  anticipation  of  the  fisu^ts  is  still  moM 
remarkable  than  the  facts  themselves.  Having  ascertained  by  obsermr 
tion  that  two  difierently- polarized  rays,  totally  reflected  at  the  intend 
surface  of  glass,  suffer  different  retardations  of  their  undulationsi  1m 
applied  the  formula)  which  he  had  obtained  for  the  polarizing  effect  cl 
reflection  to  this  case.  But  in  this  case  the  formula)  expressed  ai 
impossibility;  yet  as  algebraical  formula?,  even  in  such  cases,  havi 
often  some  meaning,  "  I  interpreted,"  he  says,*  "  in  the  manner  whicli 
appeared  to  me  roost  natural  and  most  probable,  what  the  analyih 
indicated  by  this  imaginary  form ;"  and  by  such  an  interpretation  hi 
collected  the  law  of  the  difference  of  undulation  of  the  two  rays.  Hi 
was  thus  able  to  predict  that  by  two  internal  reflections  in  a  rhomk 
or  parallelepiped  of  glass,  of  a  certain  form  and  position,  a  polaiiid 
ray  would  acquire  a  circular  undulation  of  its  particles;  and  this  cam 
stitution  of  the  ray,  it  appeared,  by  reasoning  further,  would  shoi 
itself  by  its  possessing  peculiar  properties,  partly  the  same  as  those  4i 
polarized  light,  and  partly  different.  This  extraordinary  anticipatici 
was  exactly  confirmed;  and  thus  the  apparently  bold  and  strangl 
guess  of  the  author  was  fully  justified,  or  at  least  assented  to,  even  Iq 
the  most  cautious  philosophers.  ^'  As  I  cannot  appreciate  the  matht 
matical  evidence  for  the  nature  of  circular  polarization,"  says  Pwl 
Airy,*  "  I  shall  mention  the  experimental  evidence  on  which  I  receifl 
it."     The  conception  has  since  been  universally  adopted. 

But  Fresnel,  having  thus  obtained  circularly-polarized  rays,  aM 


■  Ann,  de  Chim.  1822,  torn.  xx.  p.  882. 

» lb.  Ann.  de  Chim.  1822,  torn.  xx.  p.  191.  *  lb.  p.  194. 

*  BtUlet.  des  Se.  1823,  p.  33.  •  Camb.  Trans,  vol  iv.  p.  81,  1881. 
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that  he  could  account  for  the  phenomena  of  quartz,  already  observed 
by  M.Arago,  as  we  have  noticed  in  Chap,  ir^  by  supposing  two  circu- 
larif-poltrized  rays  to  pass,  with  different  velocities,  along  the  axis. 
The  curious  succession  of  colors,  following  each  other  in  right-handed 
or  left-handed  circular  order,  of  which  we  have  already  spoken,  might 
thus  be  hypothetically  explained. 

Bat  was  this  hypothesis  of  two  circularly-polarized  rays,  travelling 
iIoDg  the  axis  of  such  ciystals,  to  be  received,  merely  because  it 
accwmted  for  the  phenomena  ?  FresneFs  ingenuity  again  enabled  him 
to  iToid  such  a  defect  in  theorizing.  If  there  were  two  such  rays, 
they  might  be  visibly  separated^  by  the  same  artifice,  of  a  pile  of 
pnoDB  properly  achromatized,  which  he  had  used  for  compressed  glass. 
The  result  was,  that  he  did  obtain  a  visible  separation  of  the  rays ; 
awl  this  result  has  since  been  confirmed  by  others,  for  instance,  Pro- 
feasor  Airy.*  The  rays  were  found  to  be  in  all  respects  identical  with 
the  dfeolarly-polarized  rays  produced  by  the  internal  reflections  in 
Freind's  ihomb.  This  kind  of  double  refraction  gave  a  hypothetical 
explanation  of  the  laws  which  M.  Biot  had  obtained  for  the  phenomena 
of  this  class;  for  example,*  the  rule,  that  the  deviation  of  the  plane  of 
polarization  of  the  emergent  ray  is  inversely  as  the  square  of  the  length 
of  an  nndalation  for  each  kind  of  rays.  And  thus  the  phenomena 
prodttced  by  light  passing  along  the  axis  of  quartz  were  reduced  into 
complete  conformity  with  the  theory. 

[2nd  Ed.]  [I  believe,  however^  Fresnel  did  not  deduce  the  pheno- 
nwnon  from  the  mathematical  formula,  without  the  previous  sugges- 
tion of  experiment  He  observed  appearances  which  implied  a  differ- 
ence of  retardation  in  the  two  differently-polarized  rays  at  total  reflec- 
tion; as  Sir  D.  Brewster  observed  in  reflection  of  metals  phenomena 
having  a  like  character.  The  general  fact  being  observed,  Fresnel 
Dwd  the  theory  to  discover  the  law  of  this  retardation,  and  to  deter- 
mine a  construction  in  which,  one  ray  being  a  quarter  of  an  undula- 
tion retarded  more  than  the  other,  circular  polarization  would  be  pro- 
dnced.  And  this  fititicipation  was  verified  by  the  construction  of  his 
rkmb. 

As  a  still  more  curious  verification  of  this  law,  another  of  Fresnel's 
experiments  may  be  mentioned.  He  found  the  proper  angles  for  a 
circularly-polarizing  glass  rhomb  on  the  supposition  that  there  were 


'  Bull,  des  Sc.  1822,  pi  193.  "  Cambridge  Trans,  iv.  p.  80. 

^  BulldetSc.  1822,  p.  19Y. 
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four  internal  reflections  instead  of  two ;  two  of  the  four  taking  place 
when  the  surfece  of  the  glass  was  dry,  and  two  when  it  was  wet.  The 
rhomb  was  made ;  and  when  all  the  points  of  reflection  were  dry,  the 
light  was  not  circularly  polarized;  when  two  points  were  wet,  the 
light  was  circularly  polarized ;  and  when  all  four  were  wet,  it  was  not 
circularly  polarized.] 

3.  JEUipiical  Polarization  in  Quartz, — ^We  now  come  to  one  of  the 
few  additions  to  Fresnel's  theory  which  have  been  shown  to  be  neces^ 
sary.  He  had  accounted  fully  for  the  colors  produced  by  the  rays 
which  travel  alonp  ike  axis  of  quartz  crystals ;  and  thus,  for  the  co- 
lors and  changes  of  the  central  spot  which  is  produced  when  polar- 
ized light  passes  through  a  transverse  plate  of  such  crystals.  But  this 
central  spot  is  surrounded  by  rings  of  colors.  How  is  the  theoiy  to 
be  extended  to  these  ? 

Tliis  extension  has  been  successfully  made  by  Professor  Airy." 
His  hypothesis  is,  that  as  rays  passing  along  the  axis  of  a  quartz  crys- 
tal are  circularly  polarized,  rays  which  are  oblique  to  the  axis  are 
elliptically  polarized,  the  amount  of  cllipticity  depending,  in  some 
unknown  manner,  upon  the  obliquity  ;  and  that  each  ray  is  separated 
by  double  refraction  into  two  rays  polarized  elliptically;  the  one 
right-handed,  the  other  left-handed.  By  means  of  these  suppositions, 
he  not  only  was  enabled  to  account  for  the  simple  phenomena  of  sin- 
gle plates  of  quartz ;  but  for  many  most  complex  and  intricate  appear- 
ances which  arise  from  the  superposition  of  two  plates,  and  w^hich  at 
first  sight  might  appear  to  defy  all  attempts  to  reduce  them  to  law 
and  symmetry ;  such  as  spirals,  cur>'cs  approaching  to  a  square  form, 
curves  broken  in  four  places.  "  I  can  hardly  imagine,"  he  says,**  very 
naturally,  "  that  any  other  supposition  would  represent  the  phenomena 
to  such  extreme  accuracy.  I  am  not  so  much  struck  with  the  ac- 
counting for  the  continued  dilatation  of  circles,  and  the  general  repre- 
sentation of  the  forms  of  spirals,  as  with  the  explanations  of  the  minnte 
deviations  from  symmetry ;  as  when  circles  become  almost  square^ 
and  crosses  are  inclined  to  the  plane  of  polarization.  And  I  believe 
that  any  one  who  shall  follow  my  investigation,  and  imitate  my  expe- 
riments, will  be  surprised  at  their  perfect  agreement." 

4.  Differential  Equations  of  Elliptical  Polarization. — Although 
circular  and  elliptical  polarization  can  be  clearly  conceived,  and  their 
existence,  it  would  seem,  irresistibly  established  by  the  phenomena,  it 


Camh,  Tram.  iv.  p.  88,  <fec.  "  Comb.  Tram.  iv.  p  122. 
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is  extremelj  difficult  to  conceive  any  arrangement  of  the  particles  of 
bo^es  bf  which  such  motions  can  mechanically  bo^  produced ;  and 
this  difficulty  is  the  greater,  because  some  fluids  and  some  gases 
impress  a  circular  polarization  upon  light ;  in  which  cases  we  cannot 
imagine  any  definite  arrangement  of  the  particles,  such  as  might  form 
the  mechanism  requisite  for  the  purpose.    Accordingly,  it  does  not 
appear  that  any  one  has  been  able  to  suggest  even  a  plausible  hypo- 
thesis on  that  subject    Yet,  even  here,  something  has  been  done. 
Professor  Mac  Cullagh,  of  Dublin,  has  discovered  that  by  slightly 
modifying  the  analytical  expressions  resulting  from  the  common  case 
of  the  propagation  of  light,  we  may  obtain  other  expressions  which 
would  give  rise  to  such  motions  as  produce  circular  and  elliptical 
polarization.    And  though  we  cannot  as  yet  assign  the  mechanical 
interpretation  of  the  language  of  analysis  thus  generalized,  this  gene- 
ralization brings  together  and  explains  by  one  common  numerical  sup- 
position, two  distinct  classes  of  facts ; — a  circumstance  which,  in  all 
cases,  entitles  an  hypothesis  to  a  very  favorable  consideration. 

Mr.  Mac  Cullagh's  assumption  consists  in  adding  to  the  two  equations 
of  motion  which  are  expressed  by  means  of  second  differentials,  two 
other  terms  involving  third  differentials  in  a  simple  and  symmetrical 
manner.  In  doing  this,  he  introduces  a  coefficient,  of  which  the 
Doagnitude  determines  both  the  amount  of  rotation  of  the  polarization 
of  a  ray  passing  along  the  axis,  as  observed  knd  measured  by  Biot, 
and  the  ellipticity  of  the  polarization  of  a  ray  which  is  oblique  to  the 
axis,  according  to  Mr.  Airy's  theory,  of  which  ellipticity  that  philoso- 
pher also  had  obtained  certain  measures.  The  agreement  between 
the  two  sets  of  measures'^  thus  brought  into  connexion  is  such  as  very 
strikiDgly  to  confirm  Mr.  Mac  Cullagh's  hypothesis.  It  appears  pro- 
hahle,too,  that  the  confirmation  of  this  hypothesis  involves,  although 
M  an  obscure  and  oracular  form,  a  confirmation  of  the  undulatory 
theory,  which  is  the  starting-point  of  this  curious  speculation. 

5.  Elliptical  Polarization  of  Metals, — The  effect  of  metals  upon 
the  light  which  they  reflect,  was  known  from  the  first  to  be  different 
from  that  which  transparent  bodies  produce.  Sir  David  Brewster, 
vho  has  recently  examined  this  subject  very  fully,"  has  described 
the  modification  thus  produced,  as  elliptic  polarization.  In  employing 
this  term,  "  he  seems  to  have  been  led,"  it  has  been  observed,'*  "  by  a 


"  Royal  L  A.  Trans.  1836.  "  Phil.  Trans.  1830. 

"  Lloyd,  Report  on  Optics^  p.  3Y2.     (Brit  Assoc.) 
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desire  to  avoid  as  much  as  possible  all  reference  to  theoiy.  The  lawt 
whkh  he  has  obtained,  however,  belong  to  ellipticallj-polarized  light 
in  the  sense  in  which  the  term  was  introduced  by  Fresnel "  And  the 
identity  of  the  light  produced  by  metallic  reflection  with  the  elliptic 
ally-polarized  light  of  the  wave-theory,  is  placed  beyond  all  doubt,  bj 
an  observation  of  Professor  Airy,  that  the  rings  of  uniaxal  crystalfli 
produced  by  Fresnel's  elliptically-polarized  light,  are  exactly  the  same 
as  those  produced  by  Brewster's  metallic  light. 

6.  Newt(nCs  Rings  by  Polarized  Light— Oiher  modifications  of  the 
phenomena  of  thin  plates  by  the  use  of  polarized  light,  supplied  other 
striking  confirmations  of  the  theory.  These  were  in  one  case  the 
more  remarkable,  since  the  result  was  foreseen  by  means  of  a  rigorous 
application  of  the  conception  of  the  vibratory  motion  of  b'ght,  and 
confirmed  by  experiment  Professor  Airy,  of  Cambridge,  was  led  by 
his  reasonings  to  see,  that  if  Newton's  rings  are  produced  between  a 
lens  and  a  plate  of  metal,  by  polarized  light,  then,  up  to  the  polarising 
angle,  the  central  spot  will  be  black,  and  instantly  beyond  this,  it  will 
be  white.  In  a  note,"  in  which  he  announced  this,  he  says,  "  This  I 
anticipated  from  Fresnel's  expressions ;  it  is  confirmatory  of  them, 
and  defies  emission."  He  also  predict<3d  that  when  the  rings  were 
produced  between  two  substances  of  very  different  refractive  powen, 
the  centre  would  twice  pass  from  black  to  white  and  from  white  to 
black,  by  increasing  the  angle ;  which  anticipation  was  fulfilled  by 
using  a  diamond  for  the  higher  refraction." 

7.  Conical  Refraction, — In  the  same  manner.  Professor  Hamilton 
of  Dublin  pointed  out  that  according  to  the  Fresnelian  doctrine  of 
double  refraction,  there  is  a  certain  direction  of  a  crystal  in  which  a 
single  ray  of  light  will  be  refracted  so  as  to  form  a  conical  pendL 
For  the  direction  of  the  refracted  ray  is  determined  by  a  plane  which 
touches  the  wave  surface,  the  rule  being  that  the  ray  must  pass  from 
the  centre  of  the  surface  to  the  point  of  contact ;  and  though  in 
general  this  contact  gives  a  single  point  only,  it  so  happens,  frt>m  the 
peculiar  inflected  form  of  the  wave  surface,  which  has  what  is  called 
a  cuspj  that  in  one  particular  position,  the  plane  can  touch  the  surfiftce 
m  an  entire  circle.    Thus  the  general  rule  which  assigns  the  path  of 


"  Addressed  to  myself  dated  May  28,  1831.  I  ought,  however,  to  notice, 
that  this  experiment  had  been  made  by  M.  Arago,  fifteen  years  earlier,  and 
published :  though  not  then  recollected  by  Mr.  Airy. 

*•  Camb.  TrariM,  vol  il  p.  409. 
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the  Te6«cted  raj,  would,  in  this  case,  gaide  it  from  the  centre  of  the 
8nr£ebce  to  eyery  point  in  the  circumference  of  the  circle,  and  thns  make 
it  a  C0D6.  This  very  curious  and  unexpected  result,  which  Professor 
Hamilton  thus  obtained  from  the  theory,  his  friend  Professor  Lloyd 
verified  as  an  experimental  &ct.  We  may  notice,  also,  that  Professor 
Lloyd  found  the  light  of  the  conical  pencil  to  be  polarized  according 
to  a  law  of  an  unusual  kind ;  but  one  which  was  easily  seen  to  be  in 
complete  accordance  with  the  theory. 

8.  Frinffu  of  Shadows. — The  phenomena  of  the  fringes  of  sha- 
(few  of  small  holes  and  groups  of  holes,  which  had  been  the  subject 
of  experiment  by  Fraunhofer,  were  at  a  later  period  carefully  observed 
in  a  Tast  yariety  of  cases  by  M.  Schwerd  of  Spires,  and  published  in  a 
septnte  work,  '^  BeugwngB-erscheinungen  (Phenomena  of  Inflection), 
1836.  In  this  Treatise,  the  author  has  with  great  industry  and  skill 
ealcolated  the  integrals  which,  as  we  have  seen,  are  requisite  in  order 
to  tiice  the  consequences  of  the  theory ;  and  the  accordance  which 
he  finds  between  these  and  the  varied  and  brilliant  results  of  observa- 
tion is  throughout  exact.  "  I  shall,"  says  he,  in  the  preface,"  "  prove 
by  the  present  Treatise,  that  all  inflection-phenomena,  through  open- 
ings of  any  form,  size,  and  arrangement,  are  not  only  explained  by  the 
nndolation-theory,  but  that  they  can  be  represented  by  analytical  ex- 
pressions, determining  the  intensity  of  the  light  in  any  point  what- 
CTer."  And  he  justly  adds,  that  the  undulation-theory  accounts  for 
the  phenomena  of  light,  as  completely  as  the  theory  of  gravitation 
to  for  the  facts  of  the  solar  system. 

9.  Objections  to  the  Theory, — ^We  have  hitherto  mentioned  only 
cases  in  which  the  undulatory  theory  was  either  entirely  successful  in 
explaining  the  facts,  or  at  least  hypothetically  consistent  with  them  and 
with  itaelt  But  other  objections  were  started,  and  some  difficulties 
were  long  considered  as  very  embarrassing.  Objections  were  made  to 
the  theory  by  some  English  experimenters,  as  Mr.  l*otter,  Mr.  Barton, 
and  others.  These  appeared  in  scientific  journals,  and  were  afterwards 
answered  in  similar  publications.  The  objections  depended  partly  on 
the  measure  of  the  intensity  of  light  in  the  different  points  of  the 
phenomena  (a  datum  which  it  is  very  diflBcult  to  obtain  with  accuracy 


^  Die  Beuffunga-erscheinungenf  atu  dem  Fundamental-geieiz  der  l/ndulationa- 
2%eorie  analytitch  enimchelt  und  in  Bildern  dargeatellt,  von  F.  M.  SchwerdL 
Mannh^fm,  1880. 
»  Bated  Speyer,  Aug.  1885. 
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by  experiment),  and  partiy  on  misconceptions  of  the  theory ;  and  I 
believe  there  are  none  of  them  which  would  now  be  insisted  on. 

We  may  mention,  also,  another  difScolty,  which  it  was  the 
habit  of  the  opponents  of  the  theory  to  urge  as  a  reproach  against 
it,  long  after  it  had  been  satisfactorily  explained :  I  mean  the  hdf- 
undulation  which  Young  and  Fresnel  had  found  it  necessary,  in 
some  cases,  to  assume  as  gained  or  lost  by  one  of  the  rays.  Thongii 
they  and  their  followers  could  not  analyse  the  mechanism  of  reflection . 
with  suflScient  exactness  to  trace  out  all  the  circumstances,  it  was  not 
difficult  to  see,  upon  Fresnel's  principles,  that  reflection  from  the  inte-  I 
rior  and  exterior  surface  of  glass  must  be  of  opposite  kinds,  which  1 
might  be  expressed  by  supposing  one  of  these  rays  to  lose  half  an  3 
undulation.  And  thus  there  came  into  view  a  justification  of  the  step  - 
which  had  originally  been  taken  upon  empirical  grounds  alone.  1 

10.  Dispersion^  on  the  Undulatory  Theory, — A  difficulty  of  another  ' 
kind  occasioned  a  more  serious  and  protracted  embarrassment  to  the 
cultivators  of  this  theory.  This  was  the  apparent  impossibility  of 
accounting,  on  the  theory,  for  the  prismatic  dispersion  of  color.  For 
it  had  been  shown  by  Newton  that  the  amount  of  refraction  is  dif- 
ferent for  every  color ;  and  the  amount  of  refraction  depends  on  the 
velocity  with  which  light  is  propagated.  Yet  the  theory  suggested  no 
reason  why  the  velocity  should  be  different  for  different  colors  :  for,  by 
mathematical  calculation,  vibrations  of  all  degrees  of  rapidity  (in 
which  alone  colors  differ)  are  propagated  wiUi  the  same-  speed.  Nor 
does  analogy  lead  us.  to  expect  this  variety.  There  is  no  such  dif- 
ference between  quick  and  slow  waves  of  air.  The  sounds  of  the 
deepest  and  the  highest  bells  of  a  peal  are  heard  at  any  distance  in 
the  same  order.    Here,  therefore,  the  theory  was  at  fault 

But  this  defect  was  far  from  being  a  fatal  one.  For  though  the 
theory  did  not  explain,  it  did  not  contradict,  dispersion.  The  suppo- 
sitions on  which  the  calculations  had  been  conducted,  and  the  analogy 
of  sound,  were  obviously  in  no  small  degree  precarious.  The  velocity 
of  propagation  might  differ  for  different  rates  of  undulation,  in  virtue 
of  many  causes  which  would  not  affect  the  general  theoretical 
results. 

Many  such  hypothetical  causes  were  suggested  by  various  eminent 
mathematicians,  as  solutions  of  this  conspicuous  difficulty.  But  with- 
out dwelling  upon  these  conjectures,  it  may  suffice  to  notice  that 
hypothesis  upon  which  the  attention  of  mathematicians  was  soon  con- 
centrated.    Thift  was  the  hypothesis  of  finite  intervals  between   the 
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particles  of  the  ether.  The  length  of  one  of  those  undulations  wh-  ch 
produce  light,  is  a  very  small  quantity,  its  mean  value  being  l-50,000th 
of  an  inch;  but  in  the  previous  investigations  of  the  consequences  of 
the  theory,  it  had  been  assumed  that  the  distance  from  each  otlier,  of 
the  particles  of  the  ether,  which,  by  their  attractions  or  repulsions, 
caiBed  the  undulations  to  bo  propagated,  is  indefinitely  less  than  this 
small  quantity ; — so  that  its  amount  might  be  neglected  in  the  cases 
in  which  the  length  of  the  undulation  was  one  of  the  quantities  which 
determined  the  result.  But  this  assumption  was  made  arbitrarily,  as  a 
step  of  simplification,  and  because  it  was  imagined  that^  in  this  way,  a 
nearer  approach  was  made  to  the  case  of  a  continuous  fluid  ether, 
which  the  supposition  of  distinct  particles  imperfectly  represented.  It 
was  still  free  for  mathematicians  to  proceed  upon  the  opposite  assump- 
tion, of  particles  of  which  the  distances  were  finite,  either  as  a  mathe- 
matical basis  of  calculation,  or  as  a  physical  hypothesis;  and  it 
remained  to  be  seen  if,  when  this  was  done,  the  velocity  of  light  would 
still  be  the  same  for  different  lengths  of  undulation,  that  is,  for  different 
colors.  M.  Cauchy,  calculating,  upon  the  most  general  principles,  the 
motion  of  such  a  collection  of  particles  as  would  fonn  an  elastic  medium, 
obtained  results  which  included  the  new  extension  of  the  previous 
hypothesis.  Professor  Powell,  of  Oxford,  applied  himself  to  reduce  to 
calculation,  and  to  compare  with  experiment,  the  result  of  these 
researches.  And  it  appeared  that,  on  M.  Cauchy's  principles,  a  varia- 
tion in  the  velocity  of  light  is  produced  by  a  variation  in  the  length  of 
the  wave,  provided  that  the  interval  between  the  molecules  of  the 
ether  bears  a  sensible  ratio  to  the  length  of  an  undulation.'*  Professor 
Powell  obtained  also,  from  the  general  expressions,  a  formula  express- 
ing the  relation  between  the  refractive  index  of  a  ray,  and  the  length 
of  a  wave,  or  the  color  of  light."*  It  then  became  his  task  to  ascer- 
tain whetlier  this  relation  obtained  experimentally ;  and  he  found  a 
^ery  close  agreement  between  the  numbers  which  resulted  from  the 
fonnula  and  those  observed  by  Fraunhofer,  for  ten  different  kinds  of 
'^edia,  namely,  certain  glasses  and  fluids.'*  To  these  he  afterwards 
*<l<le(l  ten  other  cases  of  crystals  observed  by  M.  Kudborg."''  JNIr. 
Kelland,  of  Cambridge,  also  calculated,  in  a  manner  somewhat  different, 
the  results  of  the  same  hypothesis  of  finite  intervals  ;'*  and,  obtaining 


■  Phil,  Mag.  vol.  vl  p.  2C6.  **  lb.  vol.  viL  18S5,  p.  266. 

"  Phil.  Trans.  1835,  p.  249.  "  lb.  1836,  p.  17. 

"  Camh.  Tram,  vol  vi.  p.  158. 


1 


128  HISTOBY  OF  OPTICS. 

formulad   not  exactly  the  same  as  Professor  Powell,  found  also  an 
agreement  between  these  and  Fraunhofer's  observations. 

It  may  be  observed,  that  the  refractive  indices  observed  and 
employed  in  these  comparisons,  were  not  those  determined  by  the 
color  of  the  ray,  which  is  not  capable  of  exact  identification,  but  those 
more  accurate  measures  which  Fraunhofer  was  enabled  to  make,  in 
consequence  of  having  detected  in  the  spectrum  the  black  lines  which 
he  called  B,  C,  D,  E,  F,  G,  H.  The  agreement  between  the  theoreti* 
cal  formulse  and  the  observed  numbers  is  remarkable,  throughout  all 
the  series  of  comparisons  of  which  we  have  spoken.  Yet  we  must  aft  I 
present  hesitate  to  pronounce  upon  the  hypothesis  of  finite  intervals^  as. 
proved  by  these  calculations;  for  though  this  hypothesis  has  given 
results  agreeing  so  closely  with  experiment,  it  is  not  yet  dear  that 
other  hypotheses  may  not  produce  an  equal  agreement.  By  the 
nature  of  the  case,  there  must  be  a  certain  gradation  and  continuity  in 
the  succession  of  colors  in  the  spectrum,  and  hence,  any  suppositkm 
which  will  account  for  the  general  fact  of  the  whole  dispersion,  may 
possibly  account  for  the  amount  of  the  intermediate  dispersions 
because  these  must  be  interpolations  between  the  extremes.  The 
result  of  this  hypothetical  calculation,  however,  shows  very  satisfacto- 
rily that  there  is  not,  in  the  fact  of  dispersion,  anything  which  is  at  all 
formidable  to  the  undulatory  theory. 

11.  Conclusion. — There  are  several  other  of  the  more  recondite 
points  of  the  theory  which  may  be  considered  as,  at  present,  too  un- 
decided to  allow  us  to  speak  historically  of  the  discussions  which  they 
have  occasioned.'*  For  example,  it  was  conceived,  for  some  time,  that 
the  vibrations  of  polarized  light  are  perpendicular  to  the  plane  of 
polarization.  But  this  assumption  was  not  an  essential  part  of  the 
theory ;  and  all  the  phenomena  would  equally  allow  us  to  suppose  the 
vibrations  to  be  in  the  polarization  plane ;  the  main  requisite  being, 
that  light  polarized  in  planes  at  right  angles  to  each  other,  should  also 
have  the  vibrations  at  right  angles.  Accordingly,  for  some  time,  this 
point  was  left  undecided  by  Young  and  Fresncl,  and,  more  recently, 
some  mathematicians  have  come  to  the  opinion  that  ether  vibrates  in 
the  plane  of  polarization.  The  theory  of  transverse  vibrations  is 
equally  stable,  whichever  supposition  may  be  finally  confirmed. 

We  may  speak,  in  the  same  manner,  of  the  suppositions  which,  firom 


^*  For  an  account  of  these,  see  Professor  Lloyd's  Report  <m  Fhysical  OpHa. 
(Brit  Assoc.  Report,  1834.) 
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the  time  of  Young  and  Fresnel,  the  cultivators  of  this  theory  have 
been  led  to  make  respecting  the  mechanical  constitution  of  the  ether, 
and  the  forces  by  which  transverse  vibrations  are  produced.  It  was 
natand  that  various  difficulties  should  arise  upon  such  points,  for  trans- 
Terse  vibrations  had  not  previously  been  made  the  subject  of  mechani- 
cal calculation,  and  the  forces  which  occasion  them  must  act  in  a 
different  manner  from  those  which  were  previously  contemplated. 
Still,  we  may  venture  to  say,  without  entering  into  these  discussions, 
that  it  has  appeared,  from  all  the  mathematical  reasonings  which  have 
been  pursued,  that  there  is  not,  in  the  conception  of  transverse  vibra- 
tions, anything  inconsistent  either  with  the  principles  of  mechanics,  or 
with  the  best  general  views  whicJh  we  can  form,  of  the  forces  by  which 
the  universe  is  held  together. 

I  willingly  speak  as  briefly  as  the  nature  of  my  undertaking  allows, 
of  those  points  of  the  undulatory  theory  which  are  still  under  delibe- 
lation  among  mathematicians.  With  respect  to  these,  an  intimate 
aoqnaintance  with  mathematics  and  physics  is  necessary  to  enable  any 
one  to  understand  the  steps  whioli  arc  made  from  day  to  day  ;  and  still 
higher  philosophical  qualifications  would  be  requisite  iu  order  to  pro- 
nounce a  judgment  upon  them.  I  shall,  therefore,  conclude  this  sur- 
vey by  remarking  the  highly  promising  condition  of  this  great  depart- 
ment of  science,  in  respect  to  the  cliaractcr  of  its  cultivators.  Nothing 
less  than  profound  thought  and  great  mathematical  skill  can  enable 
anyone  to  deal  with  this  theory,  in  any  way  likely  to  promote  the  in- 
terests of  science.  But  there  appears,  in  the  horizon  of  the  scientific 
'orld,  a  considerable  class  of  young  mathematicians,  who  are  already 
bringing  to  these  investigations  the  requisite  talents  and  zeal ;  and  who, 
having  acquired  their  knowledge  of  the  theory  since  the  time  when  its 
acceptation  was  doubtful,  possess,  without  effort,  that  singleness  and 
decision  of  view  as  to  its  fundamental  doctrines,  which  it  is  difficult  for 
those  to  attain  whose  minds  have  had  to  go  through  the  hesitation, 
straggle,  and  balance  of  the  epoch  of  the  establishment  of  the  theor}-. 
in  the  hands  of  this  new  generation,  it  is  reasonable  to  suppose  the 
Analytical  Mechanics  of  light  will  be  improved  as  much  as  the  Analy- 
W  Mechanics  of  the  solar  system  was  by  the  successors  of  Newton. 
»Ve  have  already  had  to  notice  many  of  this  younger  race  of  undula- 
.tionists.  For  besides  MM.  Cauchy,  Poisson,  and  Ampere,  M.  Lame 
"as  been  more  recently  followinir   these  researches  in  France."     In 


"^  Prof.  Lloyd's  Report,  p.  392. 
Vol  IL— 9. 
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Belgian),  M.  Qaetelet  has  given  great  attention  to  them  ;  and, 
own  country,  Sir  William  Hamilton,  and  Professor  Lloyd,  of  ! 
have  been  followed  by  Mr.  Mac  Cullagh.  Professor  Powell,  of' 
has  continued  his  researches  with  unremitting  industry ;  and,  a 
bridge,  Professor  Airy,  who  did  much  for  the  establishment  an 
sion  of  the  theory  before  he  was  removed  to  the  post  of  Asfap 
Royal,  at  Greenwich,  has  had  the  satisfaction  to  see  his  labors  ca 
by  others,  even  to  the  most  recent  time ;  for  Mr.  Kelland,'*  wl 
have  already  mentioned,  and  Mr.  Archibald  Smith,*^  the  two 
who,  in  1834  and  1836,  received  the  highest  mathematical 
which  that  university  can  bestow,  have  both  of  them  publishec 
tigations  respecting  the  undulatory  theory. 

We  may  be  permitted  to  add,  as  a  reflection  obviously  suggc 
these  facts,  that  the  cause  of  the  progress  of  science  is  incaJ 
benefited  by  the  existence  of  a  body  of  men,  trained  and  stii 
to  the  study  of  the  higher  mathematics,  such  as  exist  in  the 
universities,  who  are  thus  prepared,  when  an  abstruse  and  i 
theory  comes  before  the  world  with  all  the  characters  of  ti 
appreciate  its  evidence,  to  take  steady  hold  of  its  principles,  to 
its  calculations,  and  thus  to  convert  into  a  portion  of  the  pei 
treasure  and  inheritance  of  the  civilized  world,  discoveries  whid 
otherwise  expire  with  the  great  geniuses  who  produced  them, 
lost  for  ages,  as,  in  former  times,  great  scientific  discoveries  hav 
times  been. 

The  reader  who  is  acquainted  with  the  history  of  recent  opt 
covery,  will  see  that  we  have  omitted  much  which  has  justly 
admiration  ;  as,  for  example,  the  phenomena  produced  by  glaa 
heat  or  pressure,  noticed  by  MM.  Lobeck,  and  Biot,  and  Brewg 
many  most  curious  properties  of  particular  minerals.  We  hay 
ted,  too,  all  notice  of  the  phenomena  and  laws  of  the  absorp 
light,  which  hitherto  stand  unconnected  with  the  theory.  But 
we  have  not  materially  deviated  from  our  main  design  ;  for  o 
in  what  we  have  done,  has  been  to  trace  the  advances  of 


••  On  the  Dispersion  of  Lights  as  explained  by  the  Hypothesis  of  Fin\ 
vols.    Camb.  Trans,  vol  vi.  p.  153. 

''  Investigation  of  the  Equation  to  Frc^ncVs  Wave  Surface ^  ib.  p. 
also,  in  the  same  volume,  Mathematical  Considerations  on  the  ProbUt 
Jtainbowt  showing  it  to  belong  to  Physical  Optica,  by  R.  Potter,  Ksq ,  ol 
College. 
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towards  perfection  as  a  theory  ;  and  this  task  wc  have  now  nearly  exc 
eated  as  far  as  our  abihties  alJow. 

We  have  been  desirous  of  showing  that  the  type  of  this  progress, 
in  the  histories  of  the  two  great  sciences,  Physical  Astronomy  and 
Physical  Optics,  is  the  same.  In  both  we  have  many  Laws  of  Pheno- 
fma  detected  and  accumulated  by  acute  and  inventive  men ;  we  have 
Preludial  guesses  which  touch  the  true  theory,  but  which  remain  for 
a  time  imperfect,  undeveloped,  unconfirmed  :  finally  we  have  iha  Epoch 
when  this  true  theory,  clearly  apprehended  by  great  philosophical 
^nses,  is  recommended  by  its  fully  explaining  what  it  was  first  meant 
to  explain,  and  confirmed  by  its  explaining  what  it  was  not  meant  to 
eiplm  We  have  then  its  Progress  struggling  for  a  little  while  with 
adverse  prepossessions  and  diflicultics;  finally  overcoming  all  these, 
and  moving  onwards,  while  its  triumphal  procession  is  joined  by  all 
the  younger  and  more  vigorous  men  of  science. 

It  ^ould,  perhaps,  be  too  fanciful  to  attempt  to  establish  a  parallel- 
i^m  between  the  prominent  persons  who  figure  in  these  two  histories. 
If  we  were  to  do  this,  wc  must  consider  niiyLi:lions  and  ITooke  as  stand- 
ing in  the  place  of  Copernicus,  since,  like  him,  they  announced  the 
true  theory,  but  left  it  to  a  future  aixo  to  give  it  development  and 
mechanical  confirmation  ;  31alu.s  and  l^rcwster,  grouping  tliem  together, 
^•orrcspond  to  Tycho  ]5rahe  and  Koi)kT,  laborious  in  accumulating 
observations,  inventive  and  happy  in  discovering  laws  of  phenomena ; 
5ind  Young  and  Fresncl  combined,  make  up  the  Newton  of  optical  science, 

[2nd  ¥a\.]  [In  the  Report  on  Physical  Optics,  [Brit.  Ass,  Reports, 
JB34,)  by  Prof.  Lloyd,  the  progress  of  the  mathematical  theory  after 
Fresncls  labors  is  stated  more  distinctly  than  I  have  stated  it,  to  the 
following  effect.  Ampere,  in  1828,  proved  Fresnel's  mathematical  re- 
'^Qlts  directly,  which  Fresnel  had  only  proved  indirectly,  and  derived 
from  his  proof  Fresnel's  beautiful  geometrical  construction.  Prof.  Mac 
Cullagh  not  long  after  gave  a  concise  demonstration  of  the  same  theo- 
f^^ni,  and  of  the  other  principal  points  of  FresnePs  theory,  lie  repre- 
sents tlie  elastic  force  by  means  of  an  ellipsoid  uliose  axes  arc  inversely 
proportional  to  those  of  Fresners  generating  ellipsoid,  and  deduces 
rresners  construction  geometrically.  In  the  third  Supplement  to  his 
^«ay  071  the  Theory  of  Systems  <f  Rays  [Trans.  R.  I.  Acad,  vol 
^^"ii.j,  Sir  W.  Hamilton  has  presented  that  portion  of  Fresners  theory 
^bicli  relates  to  the  fundamental  problem  of  the  determination  of 
"le  velocity  and  polarization  of  a  plane  wave,  in  a  very  elegant  and 
analytical   fonn.      This   he   docs   l)\    means   of  what   he   calls  the 
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characteristic  function  of  the  optical  system  to  which  the  problei 
belongs.  From  this  function  is  deduced  the  surface  of  wave-slotnm 
of  the  medium ;  and  by  means  of  this  surface,  tlie  direction  of  ih 
rays  refracted  into  the  medium.  From  this  construction  also  Sir  "W 
Hamilton  was  led  to  the  anticipation  of  conical  refraction^  mentionn 
above. 

The  investigations  of  MM.  Cauchy  and  Lamo  refer  to  the  laws  Iq 
which  the  particles  of  the  ether  act  upon  each  other  and  upon  thi 
particles  of  other  bodies ; — a  field  of  speculation  which  appears  to  rm 
not  yet  ripe  for  the  final  operations  of  the  analyst.  .] 

Among  the  mathematicians  who  have  supplied  defects  in  Fresnen 
reasoning  on  this  subject,  I  may  mention  Mr.  Tovey,  who  treated  it  il 
several  papers  in  the  Philosophical  Magazine  (1837-40).  Mr.  ToYey5l 
early  death  must  be  deemed  a  loss  to  mathematical  science.  v. 

Besides  investigating  the  motion  of  symmetrical  systems  of  particM 
which  may  be  supposed  to  correspond  to  biaxal  crystals,  Mr.  ToTe] 
considered  the  case  of  unsymmetrical  systems,  and  found  that  tlu 
undulations  propagated  would,  in  the  general  case,  be  elliptical ;  am 
that  in  a  particular  case,  circular  undulations  would  take  place,  such  fl 
are  propagated  along  the  axis  of  quartz.  It  appears  to  me,  howevei 
that  he  has  not  given  a  definite  meaning  to  those  limitations  of  hi 
general  hypothesis  which  conduct  him  to  this  result.  Perhaps  if  tfai 
hypothetical  conditions  of  this  result  were  traced  into  detail,  thei 
would  be  found  to  reside  in  a  screw-like  arrangement  of  the  elemental 
particles,  in  some  degree  such  as  crystals  of  quartz  themselves  exhib^ 
in  their  forms,  when  they  have  plagihedral  faces  at  both  ends. 

Such  crystals  of  quartz  arc,  some  like  a  right-handed  and  some  lik 
a  left-handed  screw ;  and,  as  Sir  John  Herschel  discovered,  the  circulfl 
polarization  is  right-handed  or  left-handed  according  as  the  plagihedifl 
form  is  so.  In  Mr.  Tovcy's  hypothetical  investigation  it  does  no 
appear  upon  what  part  of  the  hypothesis  this  difference  of  right  am 
left-handed  depends.  The  definition  of  this  part  of  the  hypothesis  is  a 
very  desirable  step. 

When  crystals  of  Quartz  are  right-handed  at  one  end,  they  are  right 
handed  at  the  other  end  :  but  there  is  a  different  kind  of  plagihedim 
form,  which  occurs  in  some  other  crystals,  for  instance,  in  Apatite :  h 
these  the  plagihedral  faces  are  right-handed  at  the  one  extremity  ami 
Icftrhanded  at  the  other.  For  the  sake  of  distinction,  we  may  call  tb 
former  homologous  plagihedral  faces,  since,  at  both  ends,  they  have  thu 
-^ame  name  ;  and  the  latter  heterologous  plagihedral  faces. 


pi 
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The  nomologoiis  pligfliednd  fiices  of  Quarts  crystals  are  accompa- 

laed  by  homologoos  circular  polarization  of  the  same  name.    I  do  not 

^■ov  that  heterologous  drcnlar  polarization  has  been  obsenned  in  any 

ojntel,  but  it  has  been  discovered  by  Dr.Faraday  to  occur  in  glass,  d;c., 

vka  subjected  to  powerfbl  magnetic  action. 

PeAsps  it  was  presumptuous  in  me  to  attempt  to  draw  such  compa- 
mmf  eqpeciaUy  with  r^ard  to  living  persons,  as  I  have  done  in  the 
pneediBg  pages  <^  this  Book.  Having  published  this  passage,  how- 
efOf  I  shall  not  now  suppress  it  But  I  may  observe  that  the  im- 
nem  number  and  variety  of  the  beautiful  optical  discoveries  which 
ws  (we  to  Sir  David  Brewster  makes  the  comparison  in  his  case  a  very 
sipcrfbct  representation  of  his  triumphs  over  nature ;  and  that,  besides 
luifisee  in  the  history  of  the  Theory  of  Optics,  he  must  hold  a  most 
cmmeot  position  in  the  history  of  Optical  Crystallography,  whenever 
ik&oovery  of  a  True  Optical  Theory  of  Crystals  supplies  us  with  the 
.1^  to  which  his  labors  in  this  field  form  so  rich  a  Prelude,  I  cor- 
diiQy  anent  to  the  expression  employed  by  Mr.  Airy  in  the  Phil, 
TrwLktt  1840,  in  which  he  speaks  of  Sir  David  Brewster  as  ^  the 
Vaiher  of  Modem  Experimental  Optics.''] 
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Et  primum  fiEiciunt  igaem  se  vortcre  in  auras 
Aeri8 ;  hinc  imbrem  gigni  terramque  croari 
Ex  imbri ;  retroque  a  terr&  cuncta  revorti, 
Humorem  primum,  post  aSra  delude  calorem ; 
Ncc  cessare  haec  inter  so  mutare,  meare, 
Dc  codIo  ad  terram  de  terrA  ad  sidcra  mundi. 

Lucasnus,  1.  78S. 

Water,  and  Air,  and  Fire,  alternate  run 
Their  endless  circle,  multiform,  yet  one. 
For,  moulded  by  the  fervor's  latent  beams, 
Solids  flow  loose,  and  fluids  flash  to  steams, 
And  elemental  flame,  with  secret  force. 
Pursues  through  earth,  air,  sky,  its  stated  course. 


INTRODUCTION 
Of  Tkermotics  and  Atmology, 

I  EMPLOY  the  term  ThermoticSy  to  include  all  the  doctrines  re- 
specting Heat^  which  have  hitherto  been  established  on  proper 
scientific  grounds.  Our  survey  of  the  history  of  this  branch  of 
science  must- be  more  rapid  and  less  detailed  than  it  has  been  in  those 
sabjects  of  which  we  have  hitherto  treated :  for  our  knowledge  is,  in 
this  case,  more  vague  and  uncertain  than  in  the  others,  and  has  made 
less  progress  towards  a  general  and  certain  theory.  Still,  the  narrative 
is  too  important  and  too  instructive  to  be  passed  over. 

The  distinction  of  Formal  Thermotics  and  Physical  Thermotics, — 
of  the  discovery  of  the  mere  Laws  of  Phenomena,  and  the  discovery 
of  their  causes, — is  applicable  here,  as  in  other  departments  of  our 
knowledge.  But  we  cannot  exhibit,  in  any  prominent  manner,  the 
latter  division  of  the  science  now  before  us ;  since  no  general  theor}' 
of  heat  has  yet  been  propounded,  which  affords  the  means  of  calcu- 
lating the  circumstances  of  the  phenomena  of  conduction,  radiation, 
expansion,  and  change  of  solid,  liquid,  and  gaseous  form.  Still,  on 
each  of  these  subjects  there  have  been  proposed,  and  extensively 
assented  to,  certain  general  views,  each  of  which  explains  its  appro- 
priate class  of  phenomena ;  and,  in  some  cases,  these  principles  have 
been  clothed  in  precise  and  mathematical  conditions,  and  thus  made 
bases  of  calculation. 

These  principles,  thus  possessing  a  generality  of  a  limited  kind,  con- 
necting several  observed  laws  of  phenomena,  but  yet  not  connecting 
all  the  observed  classes  of  facts  which  relate  to  heat,  will  require  our 
separate  attention.  Tliey  may  be  described  as  the  Doctrine  of  Con- 
duction, the  Doctrine  of  Radiation,  the  Doctrine  of  Specific  Heat,  and 
the  Doctrine  of  Latent  Heat ;  and  these,  and  similar  doctrines 
respecting  heat,  make  up  the  science  which  we  may  call  Thermotics 
proper. 

But  besides  these  collections  of  principles  which  regard  heat  by 
itself^  the  relations  of  boat  and  moisture  give  rise  to  another  extensive 
and  important  collection  of  laws  and  principles,  which  I  shall  treat  of 
in  connexion  with  Thermotics,  and  shall  term  Atmology^  borrowing 
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the  term  from  the  Greek  word  (arjmo^,)  which  signifies  vapor,  Th€ 
Atmosphere  was  so  named  by  the  Greeks,  as  being  a  sphere  of  vapor ; 
and,  midoubtedly,  the  most  general  and  important  of  the  phenomena 
which  take  place  in  the  air,  by  which  the  earth  is  surrounded,  are 
those  in  which  water,  df  one  consistence  or  other  (ice,  water,  or  steam,) 
is  concerned.  The  knowledge  which  relates  to  what  takes  place  in 
the  atmosphere  has  been  called  Meteorology^  in  its  collective  form : 
but  such  knowledge  is,  in  fact,  composed  of  parts  of  many  different 
sciences.  And  it  is  useful  for  our  purpose  to  consider  separately  those 
portions  of  Meteorology  which  have  reference  to  the  laws  of  aqueous 
vapor,  and  these  we  may  include  under  the  term  Atmology. 

The  instruments  which  have  been  invented  for  the  purpose  of  mea- 
suring the  moisture  of  the  air,  that  is,  the  quantity  of  vapor  which 
exists  in  it,  have  been  termed  Hygrometers;  and  the  doctrines  on 
which  these  instruments  depend,  and  to  which  they  lead,  have  been 
called  Hygrom^try  ;  but  this  term  has  not  been  used  in  quite  so  exten- 
sive a  sense  as  that  which  we  intend  to  aflBx  to  Atmology. 

In  treating  of  Thermotics,  we  shall  first  describe  the  earlier  progress 
of  men's  views  concerning  Conduction,  Radiation,  and  the  like,  and 
shall  then  speak  of  the  more  recent  corrections  and  extensions,  bj 
which  they  have  been  brought  nearer  to  theoretical  generality. 
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CHAPTER  I. 
The  Doctrines  of  Conduction  and  Radiation, 


Section  1. — Introduction  of  the  Doctrine  of  Conduction. 

THY  conduction  is  meant  the  propagation  of  heat  from  one  part  to 
•*^  Mother  of  a  continuous  body ;  or  from  one  body  to  another  in 
contact  with  it ;  as  when  one  end  of  a  poker  stuck  in  the  firo  heats 
the  other  end,  or  when  this  end  heats  the  hand  which  takes  hold  of 
it    By  radiation  is  meant  the  diffusion  of  heat  from  the  surface  of  a 
body  to  points  not  in  contact.     It  is  clear  in  both  these  cases,  that,  in 
proportion  as  the  hot  portion  is  hotter,  it  produces  a  greater  effect  in 
wanning  the  cooler  portion  ;  that  is,  it  communicates  more  Heat  to  it, 
if  Etat  be  the  abstract  conception  of  which  this  effect  is  the  measure. 
The  simplest  rule  which  can  be  proposed  is,  that  the  heat  thus  com- 
mnnicated  in  a  given  instant  is  proportional  to  the  excess  of  the  heat 
of  the  hot  body  over  that  of  the  contiguous  bodies ;  there  are  no 
obvions  phenomena  which  contradict  the  supposition  that  this  is  the 
true  law ;  and  it  was  thence  assumed  by  Newton  as  the  true  law  for 
radiation  and  by  other  writers  for  conduction.     Tliis  assumption  was 
confirmed  approximately,  and  afterwards  corrected,  for  the  case  of 
Radiation ;  in  its  application  to  Conduction,  it  has  been  made  the 
basis  of  calculation  up  to  the  present  time.     We  may  observe  that 
this  statement  takes  for  granted  that  wc  have  attained  to  a  measure 
of  heat  (or  of  temperature^  as  heat  thus  measured  is  termed),  corre- 
sponding to  the  law  thus  assumed ;  and,  in  fact,  as  we  shall  have 
occasion  to  explain  in  speaking  of  the  measures  of  sensible  qualities, 
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the  thcrraometrical  scale  of  heat  according  to  the  expansion  of  liqoidf 
(which  is  the  measure  of  temperature  here  adopted),  was  constructed 
with  a  reference  to  Newton's  law  of  radiation  of  heat ;  and  thus  the 
law  is  necessarily  consistent  with  the  scale. 

In  any  case  in  which  the  parts  of  a  body  are  unequally  hot^  the 
temperature  will  vary  continuously  in  passing  from  one  part  of  the 
body  to  another ;  thus,  a  long  bar  of  iron,  of  which  one  end  is  kept 
red  hot,  will  exhibit  a  (gradual  diminution  of  temperature  at  successive 
points,  proceeding  to  the  other  end.  The  law  of  temperature  .of  the 
parts  of  such  a  bar  might  be  expressed  by  the  ordi nates  of  a  curve 
which  should  run  alongside  the  bar.  And,  in  order  to  trace  mathe- 
matically the  consequences  of  the  assumed  law,  some  of  those  pro- 
cesses would  be  necessary,  by  which  mathematicians  are  enabled  to 
deal  with  the  properties  of  curves ;  as  the  method  of  infinitesimals,  or 
the  differential  calculus ;  and  the  truth  or  falsehood  of  the  law  would 
be  determined,  according  to  the  usual  rules  of  inductive  science,  by  a 
comparison  of  results  so  deduced  from  the  principle,  with  the  observed 
phenomena. 

It  was  easily  perceived  that  this  comparison  was  the  task  which 
physical  inquirers  had  to  perform ;  but  the  execution  of  it  was  de- 
layed for  some  time  ;  partly,  perhaps,  because  the  mathematical  pro- 
cess presented  some  di^cultics.  Even  in  a  case  so  simple  as  that 
above  mentioned,  of  a  linear  bar  with  a  stationary  temperature  at  one 
end,  partial  differentials  entered  ;  for  there  were  three  variable  quan- 
tities, the  time,  as  well  as  the  place  of  each  point  and  its  temperature. 
And  at  first,  another  scruple  occurred  to  M.  Biot  when,  about  1804, 
he  undertook  this  problem.*  "  A  diflBculty,''  says  Laplace,*  in  1809, 
"  presents  itself,  which  has  not  yet  been  solved.  The  quantities  of 
heat  received  and  communicated  in  an  instant  (by  any  point  of  the 
bar)  must  be  infinitely  small  quantities  of  the  same  order  as  the  exceas 
of  the  heat  of  a  slice  of  the  body  over  that  of  the  contiguous  slice; 
therefore  the  excess  of  the  heat  received  by  any  slice  over  the  heat 
communicated,  is  an  infinitel}  small  quantity  of  the  second  order; 
and  the  accumulation  in  a  finite  time  (which  depends  on  this  excess) 
cannot  be  finite."  I  conceive  that  this  diflSculty  arises  entirely  from 
an  arbitrary  and  unnecessary  assumption  concerning  the  relation  of 
the  infinitesimal  parts  of  the  body. ,  Laplace  resolved  the  diflBculty  by 
further  reasoning  founded  upon  the  same  assumption  which  occasioned 


*  Biot,  Traite  de  Phyt,  iv.  p.  669.    *  Laplace,  Mem.  Itut,  fop  1809,  p.  832. 
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it;  bat  Fourier,  who  was  the  most  distinguished  of  tho  cultivators  of 
thfi  mathematical  doctrine  of  conduction,  follows  a  course  of  reasoning 
in  which  the  difficulty  does  not  present  itself.  Indeed  it  is  stated  by 
Laplace,  in  the  Memoir  above  quoted,'  that  Fourier  tad  already  ob- 
tuned  the  trae  fundamental  equations  by  views  of  his  own. 

The  remaining  part  of  the  history  of  the  doctrine  of  conduction  is 
principally  the  history  of  Fourier's  labors.  Attention  having  been 
drawn  to  the  subject,  as  we  have  mentioned,  the  French  Institute,  in 
January,  1810,  proposed,  as  their  prize  question,  "  To  give  the  mathe- 
matical theory  of  tho  laws  of  Uie  propagation  of  heat,  and  to  compare 
this  theory  with  exact  obsen^ations."  Fourier's  Memoir  (the  sequel 
of  one  delivered  in  1807,)  was  sent  in  September,  1811;  and  the 
prize  (3000  francs)  adjudged  to  it  in  1812.  In  consequence  of  the 
political  confusion  which  prevailed  in  France,  or  of  other  causes,  these 
important  Memoirs  were  not  published  by  the  Academy  till  1824 ;  but 
extracts  had  been  printed  in  the  Bulletin  des  Sciences  in  1808,  and  in 
the  inna/e*  de  Chimie  in  1810;  and  Poisson  and  M.  Cauchy  had 
consulted  the  manuscript  itself. 

It  is  not  my  purpose  to  give,  in  this  place,*  an  account  of  the  ana- 
lytical processes  by  which  Fourier  obtained  his  results.  The  skill 
displayed  in  these  Memoirs  is  such  as  to  make  them  an  object  of  just 
admiration  to  mathematicians ;  but  they  consist  entirely  of  deductions 
from  the  fundamental  principle  which  I  have  noticed, — that  the  quan- 
tity of  heat  conducted  from  a  hotter  to  a  colder  point  is  proportional 
to  the  excess  of  heat,  modified  by  the  condiiciivitf/^  or  conducting 
power  of  each  substance.  The  equations  which  flow  from  this  princi- 
ple assume  nearly  the  same  forms  as  those  which  occur  in  the  most 
Cfcneral  problems  of  hydrodynamics.  Besides  Fourier's  solution,  La- 
place, Poisson,  and  M.  Cauchy  have  also  exercised  their  great  analyti- 
cal skill  in  the  management  of  these  formulae.  We  shall  briefly  speak 
of  the  comparison  of  the  results  of  these  reasonings  with  experiment, 
and  notice  some  other  consequences  to  which  they  lead.  But  before 
we  can  do  this,  we  must  pay  some  attention  to  the  subject  of  radiation 


'  Laplace,  3fein,  Inst,  for  1809,  p.  538. 
»  *  I  have  givea  an  account  of  Fourier's  mathematical  results  in  the  Reportt 
of  the  British  Association  for  1835. 
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Sect,  2. — Introdvction  of  the  Doctrine  of  Radiation, 

A  HOT  body,  as  a  mass  of  incandescent  iron,  emits  heat,  as  wo  per- 
ceive by  our  senses  when  we  approach  it ;  and  by  this  emission  of 
heat  the  hot  body  cools  down.    The  first  step  in  our  systematic  know-      \ 
ledge  of  the  subject  was  made  in  the  Principia.    "  It  was  in  the 
destiny  of  that  great  work,"  says  Fourier,  "  to  exhibit,  or  at  least  to 
indicate,  the  causes  of  the  principal  phenomena  of  the   universe." 
Newton  assumed,  as  we  have  already  said,  that  the  rate  at  which  a 
body  cools,  that  is,  parts  with  its  heat  to  surrounding  bodies,  is  pro-      i 
portional  to  its  heat ;  and  on  this  assumption  ho  rested  the  verification      ! 
of  his  scale  of  temperatures.     It  is  an  easy  deduction  from  this  law,      \ 
that  if  times  of  cooling  be  taken  in  arithmetical  progression,  the  heat      ] 
will  decrease  in  geometrical  progression.    Kraft,  and  after  him  Rich-      ' 
man,  tried  to  verify  this  law  by  direct  experiments  on  the  cooling  of 
vessels  of  warm  water ;  and  from  these  experiments,  which  have  since 
been  repeated  by  others,  it  appears  that  for  differences  of  temperature 
which  do  not  exceed  50  degrees  (boiling  water  being  100),  this  geo- 
metrical progression  represents,  with  tolerable  (but  not  with  complete) 
accuracy,  the  process  of  cooling. 

This  principle  of  radiation,  like  that  of  conduction,  required  to  be 
followed  out  by  mathematical  reasoning.  But  it  required  also  to  be 
corrected  in  the  first  place,  for  it  was  easily  soon  that  the  rate  of  cool- 
ing depended,  not  on  the  absolute  temperature  of  the  body,  but  on 
the  excess  of  its  temperature  above  the  surrounding  objects  to  which 
it  communicated  its  heat  in  cooling.  And  philosophers  were  naturally 
led  to  endeavor  to  explain  or  illustrate  this  process  by  some  physical 
notions.  Lambert  in  1755  published*  an  Essay  on  the  Force  of  Heaty 
in  which  he  assimilates  the  communication  of  heat  to  the  flow  of  a 
fluid  out  of  one  vessel  into  another  by  an  excess  of  pressure ;  and 
mathematically  deduces  the  laws  of  the  process  on  this  ground.  But 
some  additional  facts  suggested  a  different  view  of  the  subject.  It  war 
found  that  heat  is  propagated  by  radiation  according  to  straight  lines^ 
like  light ;  and  that  it  is,  as  light  is,  capable  of  being  reflected  by 
mirrors,  and  thus  brought  to  a  focus  of  intcnser  action.  In  this  man* 
ner  the  radiative  effect  of  a  body  could  be  more  precisely  traced.  A 
fact,  however,  came  under  notice,  which,  at  first  sight,  appeared  to 


*  AcU  Ilelvet.  torn.  ii.  p.  172. 
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offer  some  difficulty.  It  appeared  that  cold  was  reflected  no  less  than 
beat  A  mass  of  ice,  when  its  eflfect  was  concentrated  on  a  thermo- 
meter by  a  system  of  mirrors,  made  the  thermomet^  fall,  just  as  a 
vessel  of  bot  water  placed  in  a  similar  situation  made  it  rise.  Was 
^d,  tben,  to  be  supposed  a  real  substance,  no  less  than  beat  ? 

The  solution  of  this  and  similar  difl3culties  was  given  by  Pierre 
Prevost,  professor  at  Geneva,  whose  theory  of  radiant  heat  was  pro- 
posed about  1790.  According  to  this  theor\',  heat,  or  caloric^  is  con- 
stantly radiating  from  every  point  of  the  surface  of  all  bodies  in 
str&igbt  lines ;  and  it  radiates  the  more  copiously,  the  greater  is  the 
quantity  of  beat  which  the  body  contains.  Hence  a  constant  ex- 
cbange  of  heat  is  going  on  among  neighboring  bodies ;  and  a  body 
grows  hotter  or  colder,  according  as  it  receives  more  caloric  than  it 
emits,  or  the  contrary.  And  thus  a  body  is  cooled  by  rectilinear  rays 
from  a  cold  body,  because  along  these  paths  it  sends  rays  of  heat  in 
greater  abundance  than  those  which  return  the  same  way.  This  the- 
ory  of  exchanges  is  simple  and  satisfactory,  and  was  soon  generally 
adopted;  but  we  must  consider  it  rather  as  the  simplest  mode  of  ex- 
pressing the  dependence  of  the  communication  of  heat  on  the  excess 
of  temperature,  than  as  a  proposition  of  which  the  physical  truth  is 
clearly  established. 

A  number  of  curious  researches  on  the  effect  of  the  different  kinds 
of  surface  of  the  heating  and  of  the  heated  body,  were  made  by 
Leslie  and  others.  On  these  I  shall  not  dwell ;  only  observing  that 
the  relative  amount  of  this  radiative  and  receptive  energy  may  be  ex- 
pressed by  numbers,  for  each  kind  of  surface ;  and  that  we  shall  have 
occasion  to  speak  of  it  under  the  term  exterior  conductivity  /  it  is 
thus  distinguished  from  interior  conductivity^  which  is  the  relative 
rate  ^t  which  heat  is  conducted  in  the  interior  of  bodies.' 

Sect,  3. —  Verifications  of  the  Doctrines  of  Conduction  and  Radiation. 

The  interior  and  exterior  conductivity  of  bodies  arc  numbers,  which 
enter  as  elements,  or  coefficients^  into  the  mathematical  calculations 
founded  on  the  doctrines  of  conduction  and  radiation.     These  cocffi- 


•  The  term  employed  by  Fourier,  conduct ibility  or  conducibility,  sui^gcsts  ex- 
pressions altogether  absurd,  as  if  the  bodies  eould  be  callc<i  conduct ible,  or  con 
ittcible^  with  respect  to  heat :  I  have  therefore  ventured  upon  a  slight  altera- 
tion of  the  word,  and  have  used  tlie  abstract  terra  which  analogy  would 
tfoggest  if  we  suppose  bodies  to  be  conductive  in  this  respect. 
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cicnts  are  to  be  determined  for  each  case  by  appropriate  experiments : 
when  the  experimenters  had  obtained  these  data,  as  well  as  the  ma- 
thematical solutions  of  the  problems,  they  could  test  the  truth  of  their 
fundamental  principles  by  a  comparison  of  the  theoretical  and  actual 
results  in  properly-selected  cases.  This  was  done  for  the  law  of  con- 
duction in  the  simple  cases  of  metallic  bars  heated  at  one  end,  by  M.  ■ 
Biot,^  and  the  accordance  with  experiment  was  suflSciently  close.  In 
the  more  complex  cases  of  conduction  which  Fourier  considered,  it  was 
less  easy  to  devise  a  satisfactory  mode  of  comparison.  But  some 
rather  curious  relations  which  he  demonstrated  to  exist  among  the 
temperatures  at  diflferent  points  of  an  armille,  or  ring,  afforded  a  good 
criterion  of  the  value  of  the  calculations,  and  confirmed  their  correct- 
ness.' 

We  may  therefore  presume  these  doctrines  of  raduition  and  con- 
duction to  be  sufficiently  established;   and  we  may  consider  their 
application  to  any  remarkable  case  to  be  a  portion  of  the  history  of  ' 
science.    We  proceed  to  some  such  applications. 

Sect,  4. — The  Geological  and  Cosmological  Application  of  ThermoUcs. 

Br  far  the  most  important  case  to  which  conclusions  from  these  doc- 
trines have  been  applied,  is  that  of  the  globe  of  the  eartli,  §nd  of 
those  laws  of  climate  to  which  the  modifications  of  temperature  give  ' 
rise ;  and  in  this  way  we  are  led  to  inferences  concerning  other  parts 
of  the  universe.  If  we  had  any  means  of  observing  these  terrestrial 
and  cosmical  phenomena  to  a  sufficient  extent,  they  would  be  valuable 
facts  on  which  wo  might  erect  our  theories ;  and  they  would  thus  form 
part,  not  of  the  corollaries,  but  of  the  fo^indations  of  our  doctrine  of 
heat.  In  such  a  case,  the  laws  of  the  propagation  of  heat,  as  discovered 
from  experiments  on  smaller  bodies,  would  serve  to  explain  these  phe- 
nomena of  the  universe,  just  as  the  laws  of  motion  explain  the  celeft-  ' 
tial  movements.  But  since  we  are  almost  entirely  without  any  definite 
indications  of  the  condition  of  the  other  bodies  in  the  solar  system  as 
to  heat ;  and  since,  even  with  regard  to  the  earth,  we  know  only  the 
temperature  of  the  parts  at  or  very  near  the  surface,  our  knowledge  of 
the  part  which  heat  plays  in  the  earth  and  the  heavens  must  be  in  a 
great  measure,  not  a  generalization  of  observed  facts,  but  a  dcduqiion 
from  theoretical  principles.    Still,  such  knowledge,  wliether  obtained 


»  TV.  dePht/i.  iv.  671.  •  Mem,  Intt  1819,  p.  192,  published  1824. 
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from  observation  or  from  theory,  must  possess  great  interest  and  im- 
portance. The  doctrines  of  this  kind  which  we  have  to  notice  refer 
principallj  to  the  effect  of  the  sun's  heat  on  the  earth,  the  laws  of 
climate, — the  thermotical  condition  of  the  interior  of  the  earth, — and 
that  of  the  planetary  spaces. 

1.  Effect  of  Solar  Heat  on  the  Earth, — That  the  sun's  heat  passes 
into  the  interior  of  the  earth  in  a  variable  manner,  depending  upon 
the  succession  of  days  and  nights,  summers  and  winters,  is  an  obvious 
consequence  of  our  first  notions  on  this  subject.  The  mode  in  which 
it  proceeds  into  the  interior,  after  descending  below  the  surface,  re- 
mained to  be  gathered,  either  from  the  phenomena,  or  from  reasoning. 
Both  methods  were  employed.'  Saussure  endeavored  to  trace  its 
wmneby  digging,  in  1785,  and  thus  found  that  at  the  depth  of  about 
thirty-one  feet,  the  annual  variation  of  temperature  is  about  1-1 2th 
what  it  is  at  the  surface.  Leslie  adopted  a  better  method,  sinking  the 
bolbs  of  thermometers  deep  in  the  earth,  while  their  stems  appeare<l 
above  the  surface.  In  1 8 1 3, '  1 6,  and '  1 7,  he  observed  thus  the  tempera- 
tores  at  the  depths  of  one,  two,  four,  and  eight  feet,  at  Abbotshall,  in 
Fifeshire.  The  results  showed  that  the  extreme  annual  oscillations  of 
the  temperature  diminish  as  we  descend.  At  the  depth  of  one  foot, 
the  yearly  range  of  oscillation  was  twenty-five  degrees  (Fahrenheit) : 
at  two  feet  it  was  twenty  degrees ;  at  four  feet  it  was  fifteen  degrees  ; 
at  eight  feet  it  was  only  nine  degrees  and  a  half.  And  the  time  at 
which  the  heat  was  greatest  was  later  and  later  in  proceeding  to  the 
lower  points.  At  one  foot,  the  maximum  and  minimum  were  three 
weeks  after  the  solstice  of  summer  and  of  winter ;  at  two  feet,  they 
were  four  or  five  weeks;  at  four  feet,  they  were  two  months;  and  at 
eight  feet,  three  months.  The  mean  temperature  of  all  the  therniome- 
ters  was  nearly  the  same.  Similar  results  were  obtained  by  Ott  at 
Zurich  in  1762,  and  by  Herrenschneidcr  at  Strasburg  in  1821,  '2,  '3." 

These  results  had  already  been  explained  by  Fourier's  theory  of 
conduction.  Uc  had  shown"  that  when  the  surface  of  a  sphere  is 
affected  by  a  periodical  heat,  certain  alternations  of  heat  travel  uniformly 
into  the  interior,  but  that  the  extent  of  the  alternation  diminishes  in 
geometrical  progression  in  this  descent.  This  conclusion  applies  t<» 
the  effect  of  days  and  years  on  the  temperature  of  the  earth,  and  shows 
that  such  facts  as  those  observed  by  Leslie  are  both  exemplifications  of 


•  L^lie,  art.  Climate,  Supp.  Enc.  Brit,  179.    "  Pouillet,  Mlttorol  t.  ii.  p.  643. 
"  Mhn,  Inst,  for  1821  (published  1826),  p.  162. 
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the  general  circumstances  of  the  earth,  and  arc  perfectly  in  accordanoi 
with  the  principles  on  which  Fourier's  theory  rests. 

2.  Climate, — The  'term  cUmat€y  which  means  inclination^  w« 
applied  by  the  ancients  to  denote  that  inclination  of  the  axis  of  tht 
terrestrial  sphere  from  which  result  the  inequalities  of  days  in  differem 
latitudes.  This  inequality  is  obviously  connected  also  with  a  differencs 
of  thermotical  condition.  Places  near  the  poles  are  colder,  on  tin 
whole,  than  places  near  the  equator.  It  was  a  natural  object  of  cur- 
osity  to  determine  the  law  of  this  variation. 

Such  a  determination,  however,  involves  many  difficulties,  and  ttr 
settlement  of  several  preliminary  points.  How  is  the  temperature  m 
any  place  to  be  estimated  ?  and  if  we  reply,  by  its  mean  temperattrcr 
how  are  we  to  learn  this  mean  ?  The  answers  to  such  qucstioM 
require  very  multiplied  obser>'ations,  exact  instruments,  and  judicio-^ 
generalizations ;  and  cannot  be  given  here.  But  certain  first  approiH 
mations  may  be  obtained  without  much  diflSculty ;  for  instance,  tH 
mean  temperature  of  any  place  may  be  taken  to  be  the  temperattK 
of  deep  springs,  which  is  probably  identical  with  the  temperature  - 
the  soil  below  the  reach  of  the  annual  oscillations.  Proceeding  ^ 
such  facts,  Mayer  found  that  the  mean  temperature  of  any  place  m^ 
nearly  proportional  to  the  square  of  the  cosine  of  the  latitude.  TW 
as  a  law  of  phenomena,  has  since  been  found  to  require  consideraEs 
correction  ;  and  it  appears  that  the  mean  temperature  does  not  depe* 
on  the  latitude  alone,  but  on  the  distribution  of  laud  and  water,  9^ 
on  other  causes.  M.  de  Humboldt  has  expressed  these  deviation^ 
by  his  map  of  isothermal  lineSj  and  Sir  D.  Brewster  has  endeavor* 
to  reduce  them  to  a  law  by  assuming  two  poles  of  tnaximnm 
cold. 

The  expression  which  Fourier  finds"  for  the  distribution  of  heat  ill 
a  homogeneous  sphere,  is  not  immediately  comparable  with  Maya:^ 
empirical  formula,  being  obtained  on  a  certain  hypothesis,  namely,  ikA 
the  equator  is  kept  constantly  at  a  fixed  temperature.  But  there  k 
still  a  general  agreement;  for,  according  to  the  theory,  there  is  i 
diminution  of  heat  in  proceeding  from  the  equator  to  the  poles  in  sudi 
a  case  ;  the  heat  is  propagated  from  the  equator  and  the  neighboriog 
parts,  and  radiates  out  from  the  poles  into  the  surroanding  spaee 
And  thus,  in  the  case  of  the  earth,  the  solar  heat  enters  in  the  tropicft' 


"  British  Assoc.  1883.    Prod  Forbcs's  Jieport  on  MHeoroloffif,  p.  816. 
"  Fourier.   Mem,  Inst.  torn.  v.  p.  173. 
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pBrts,  and  constantly  flows  towards  the  polar  regions,  by  which  it  \t 
eimtted  into  the  planetary  spaces. 

Climate  is  affected  by  many  thermotic  influences,  besides  the  con- 
duction and  radiation  of  the  solid  mass  of  the  earth.  The  atmosphere, 
for  example,  produces  upon  terrestrial  temperatures  effects  which  at  is 
easy  to  see  are  very  great ;  but  these  it  is  not  yet  in  the  power  of  cal- 
culation to  appreciate  ;**  and  it  is  clear  that  tliey  depend  upon  other 
properties  of  air  besides  its  power  to  transmit  heat.  We  must  there- 
fore dismiss  them,  at  least  for  the  present 

3.  Temperature  of  the  Interior  of  the  Earth, — The  question  of  the 
temperature  of  the  interior  of  the  earth  has  excited  great  interest,  in 
coMequence  of  its  bearing  on  other  branches  of  knowledge.  The 
virions  &cts  which  have  been  supposed  to  indicate  the  fluidity  of  the 
central  parts  of  the  terrestrial  globe,  belong,  in  general,  to  geological 
idence ;  but  so  far  as  they  require  the  light  of  thermotical  calculations 
in  order  to  be  rightly  reasoned  upon,  they  properly  come  under  our 
notice  here. 

The  principal  problem  of  tliis  kind  which  has  been  treated  of  is  this: 
—If  in  the  globe  of  the  earth  there  be  a  ccrtiiin  original  heat^  result- 
ing from  its  earlier  condition,  and  independent  of  the  action  of  the  sun, 
to  what  results  will  this  give  rise?  and  how  far  do  the  observed  tem- 
peratures of  points  below  the  surfiice  lead  us  to  such  a  supposition  ? 
It  has,  for  instance,  been  asserted,  that  in  many  parts  of  the  world  the 
temperature,  as  observed  in  mines  and  other  excavations,  increases  in 
descending,  at  the  rate  of  one  degree  (centesimal)  in  about  forty  yards. 
^Vhat  inference  does  this  justify  ? 

The  answer  to  this  question  was  given  by  Fourier  and  by  Laplace. 

The  former  mathematician  had  already  considered  the  problem  of  the 

cooling  of  a  large  sphere,  in   his  Memoirs  of  1807, 1809,  and  1811. 

These,  however,  lay  unpublished  in   the  archives  of  the  Institute  for 

iDany  years.     But  in  1820,  when  the  accumulation  of  observations 

which  indicated  an  increase  of  the  temperature  of  the  ejirth  as  we 

<le8cend,  had  drawn  observation  to  the  subject,  Fourier  gave,  in  the 

Metin  of  the  Philomathic  Society,"  a  summary  of  his  results,  as  far 

as  they  bore  on  this  point.     Uis  conclusion  was,  that  such  an  increase 

of  temperature  in  proceeding  towards  the  centre  of  tlie  earth,  can  arise 

from  nothing  but  the  remains  of  a  primitive  heat  ; — that  the  heat 

which  the  sun's  action  would  communicate,  would,   in  its  final  and 


Mim.  Inst.  tom.  vii.  p.  684.  ^  Bullet,  des  Sc.  1820,  p.  58. 
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permanent  state,  be  uniform  in  the  same  vertical  line,  as  soon  as  wi 
get  beyond  the  influence  of  the  superficial  oscillations  of  which  wc 
have  spoken  ; — and  that,  before  the  distribution  of  temperature  reaches 
this  limit,  it  will  decrease,  not  increase,  in  descending.  It  appeared 
alsa,  by  the  calculation,  that  this  remaining  existence  of  the  primitive 
heat  in  the  interior  of  the  earth's  mass,  was  quite  consistent  with  the 
absence  of  all  perceptible  traces  of  it  at  the  surface ;  and  that  the 
same  state  of  things  which  produces  an  increase  of  one  degree  of  heat 
in  descending  forty  yards,  does  not  make  the  surface  a  quarter  of  a 
degree  hotter  than  it  would  otherwise  be.  Fourier  was  led  also  to 
some  conclusions,  though  necessarily  very  vague  ones,  respecting  the 
time  which  the  earth  must  have  taken  to  cool  from  a  supposed  original 
state  of  incandescence  to  its  present  condition,  which  time  it  appeared 
must  have  been  very  great ;  and  respecting  the  extent  of  the  futnre 
cooling  of  the  surface,  which  it  was  shown  must  be  insensible.  Every- 
thing tended  to  prove  that,  within  the  period  which  the  history  of  the 
human  race  embraces,  no  discoverable  change  of  temperature  had 
taken  place  from  the  progress  of  this  central  cooling.  Laplace  further 
calculated  the  effect"  which  any  contraction  of  the  globe  of  the  earth 
by  cooling  would  produce  on  the  length  of  the  day.  He  had  already 
shown,  by  astronomical  reasoning,  that  the  day  had  not  become  shorter 
by  l-200th  of  a  second,  since  the  time  of  Ilipparchus ;  and  thus  his 
inferences  agreed  with  those  of  Fourier.  As  far  as  regards  the  small- 
ness  of  the  perceptible  effect  due  to  the  past  changes  of  the  earth's 
temperature,  there  can  be  no  doubt  that  all  the  curious  conclusions  just 
stated  are  deduced  in  a  manner  quite  satisfactory,  from  the  fact  of  a 
general  increase  of  heat  in  descending  below  the  surface  of  the  earth ; 
and  thus  our  principles  of  speculative  science  have  a  bearing  upon  the 
histor}'  of  the  past  changes  of  the  universe,  and  give  us  information 
concerning  the  state  of  things  in  portions  of  time  otherwise  quite  out 
of  our  reach. 

4.  Heat  of  the  Planetary  Spaces. — In  the  same  manner,  this  por- 
tion of  science  is  appealed  to  for  information  concerning  parts  of  space 
which  are  utterly  inaccessible  to  observation.  The  doctrine  of  heat 
leads  to  conclusions  concerning  the  temperatures  of  the  spaces  which 
surround  the  earth,  and  in  which  the  planets  of  the  solar  system 
revolve.  In  his  Memoir,  published  in  1827,"  Fourier  states  that  he 
conceives  it  to  follow  from  his  principles,  that  these  planetary  spaces 


*•   Conn,  des  Temt,  1823.  *»  Mem,  lust.  torn.  vii.  p  680 
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fie  not  absolutely  cold,  but  have  a  ''proper  heat**  independent  of  the 
«m  iukI  of  the  planets.  If  there  were  not  such  a  heat,  the  cold  of  the 
polar  i^'ons  would  be  much  more  intense  than  it  is,  and  the  altema- 
tiossof  cold  and  warmth,  arising  from  the  influence  of  the  sun,  would 
be  &r  more  extreme  and  sudden  than  we  find  them.  As  the  cause  of 
thiilieat  in  the  planetary  spaces,  he  assigns  the  radiation  of  the  innu- 
nenUe  stars  which  are  scattered  through  the  univox«c. 

Foorier  says,'*  ^  We  conclude  from  these  various  remarks,  and 
prmcipslly  from  the  mathematical  examination  of  the  question,"  that 
this  is  sa  I  am  not  aware  that  the  mathematical  calculation  which 
besn  peculiarly  upon  this  point  has  anywhere  been  published.  But 
it  II  worth  notice,  that  Svanberg  has  been  led  ^*  to  the  opinion  of  the 
«me  temperature  in  these  spaces  which  Fourier  had  adopted  (1(0  cen- 
tignde  below  zero),  by  an  entirely  different  course  of  reasoning, 
fiMmded  on  the  relation  of  the  atmosphere  to  heat. 

In  speaking  of  this  subject,  I  have  been  led  to  notice  incomplete 
sndpeiliaps  doubtful  applications  of  the  mathematical  doctrine  of  con- 
duction and  radiation.  But  this  may  at  least  serve  to  show  that  Ther- 
motics  is  a  science,  which,  like  Mechanics,  is  to  be  established  by 
ei^innents  on  masses  capable  of  manipulation,  but  which,  like  that, 
lutt  for  its  most  important  office  the  solution  of  geological  and  cosmo- 
logical  problems.  I  now  return  to  the  further  progress  of  our  thermo- 
tical  howledgc. 

Sect,  5.— ^Correction  of  Newton's  Law  of  Cooling. 

^  speaking  of  the  establishment  of  Newton's  assumption,  that  the 
temperature  communicated  is  proportional  to  the  excess  of  tempera- 
ture ire  stated  that  it  was  approximately  verified,  and  afterwards  cor- 
rected (chap,  i.,  sect.  1.),     This  correction  was  the  result  of  the  re- 
searches of  MM.  Dulong  and  Petit  in  1817,  and  the  researches  by 
which  they  were  led  to  the  true  law,  are  an  admirable  example  ])oth 
of  laborious  experiment  and  sagjicious  induction.     They  experimented 
through  a  very  great  range  of  temperature  (as  high  as  two  hundred 
and  forty  degrees  centigrade),  which  was  necessary  because  the  inac- 
cnrscy  of  Newton's  law  becomes  considerable  only  at  high  tempera- 
tares.    They  removed   the   eftect   of  the  surrounding   medium,  by 
making  their  experiments  in  a  vacuum.     Tliey  selected  with  great 


'^  Menu  In*t.  torn,  vli.  p.  581.  "  Bcrzel.  Jahret  Berichi^  xi.  p.  60. 
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judgment  the  conditions  of  their  experiments  and  comparisons,  making 
one  quantity  vary  while  the  others  remained  constant  In  this  man- 
ner they  found,  that  the  quickness  of  .cooling  for  a  constant  excess  pf 
temperature^  increases  in  geometrical  progression,  when  the  temperature 
of  tlie  surrounding  space  increases  in  arithmetical  progression  ;  where- 
as, according  to  the  Newtonian  law,  this  quickness  would  not  have 
varied  at  all.  Again,  this  variation  being  left  out  of  the  account^  it 
appeared  that  the  quickness  of  cooling^  so  far  as  it  depends  on  the  ex* 
cess  of  temperature  of  the  hot  body,  increases  a«  the  terms  of  a  geame^ 
trical  progression  diminished  by  a  constant  number,  when  the  tempera- 
ture of  the  hot  body  increases  in  arithmetical  progression,  TLcse  two 
laws,  with  the  coeflScients  requisite  for  their  application  to  particular 
substances,  fully  determine  the  conditions  of  coohng  in  a  vacuum. 

Starting  from  this  detennination,  MM.  Dulong  and  Petit  proceeded 
to  ascertain  the  eftect  of  the  medium,  in  which  the  hot  body  is  placed, 
upon  its  rate  of  cooling ;  for  this  effect  became  a  residual  phenome- 
non*'* when  tlie  cooling  in  the  vacuum  was  taken  away.  We  shall  not 
here  follow  this  train  of  research ;  but  we  may  briefly  state,  that  they 
were  led  to  such  laws  as  this ; — that  the  rapidity  of  cooling  duo  to 
any  gaseous  medium  in  which  the  body  is  placed,  is  the  same,  so  long 
as  the  excess  of  the  body's  temperature  is  the  same,  although  the  tem- 
perature itself  vary  ; — that  the  cooling  power  of  a  gas  varies  with  the 
elasticity,  according  to  a  determined  law  ;  and  other  similar  rules. 

In  reference  to  the  process  of  their  induction,  it  is  worthy  of  notice, 
that  they  founded  their  reasonings  upon  Prevost's  law  of  exchanges; 
and  that,  in  this  way,  the  second  of  their  laws  above  stated,  respecting 
the  quickness  of  cooling,  was  a  mathematical  consequence  of  the  first 
It  may  be  observed  also,  that  their  temperatures  are  measured  by 
means  of  the  air-thermometer,  and  that  if  they  were  estimated  on 
another  scale,  the  remarkable  simplicity  and  symmetry  of  their  results 
would  disappear.  This  is  a  strong  argument  for  believing  such  a 
measure  of  temperature  to  have  a  natural  prerogative  of  simplicity. 
This  belief  is  confirmed  by  other  considerations ;  but  these,  depending 
on  the  laws  of  expansion  by  heat,  cannot  be  here  referred  to ;  and  we 
must  proceed  to  finish  our  survey  of  the  mathematical  theory  of  heati 
as  founded  on  the  phenomena  of  radiation  and  conduction,  which 
alone  have  as  yet  been  traced  up  to  general  principles. 

We  may  observe,  before  we  quit  this  subject,  that  this  correction  of 


See  Phil.  Ind,  Scieneetf  B.  ziii.  c.  7,  Sect  iv. 
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Newton's  law  will  materially  affect  the  mathematical  calculations  on 
the  Babied,  which  were  made  to  depend  on  that  law  both  bj  Fourier, 
L^dace,  and  Poisson.  Probably,  however,  the  general  features  of  the 
resohs  will  be  the  same  as  on  the  old  supposition.  M.  Libri,  an 
lulian  mathematician,  has  undertaken  one  of  the  problems  of  this 
kind,  that  of  the  armil,  with  Dulong  and  Petit's  law  for  his  basis,  in  a 
Memoir  read  to  the  Institute  of  France  in  1825,  and  since  published 
It  Florence." 

8ecL  6. —  Other  Laws  of  Phenomena  with  respect  to  HKdiation. 

Lb  laws  of  radiation  as  depending  upon  the  surface  of  radiating 
bodies,  and  as  affecting  screens  of  various  kinds  interposed  between 
the  hot  body  and  the  thermometer,  were  examined  by  several  inquirers. 
I  shall  not  attempt  to  give  an  account  of  the  latter  course  of  research, 
and  of  the  different  laws  which  luminous  and  non-luminous  heat  have 
been  fonnd  to  follow  in  reference  to  bodies,  whether  transparent  or 
opKpie,  which  intercept  them.  But  there  are  two  or  three  laws  of 
the  phenomena,  depending  upon  the  effects  of  the  surfaces  of  bodies, 
which  are  important. 

1.  In  the  first  place,  the  powers  of  bodies  to  emit  and  to  absorb 
heat,  as  far  as  depends  upon  their  surface,  appear  to  be  in  the  same 
proportion.  If  we  blacken  the  surface  of  a  canister  of  hot  water,  it 
radiates  heat  more  copiously ;  and  in  the  same  measure,  it  is  more 
readily  heated  by  radiation. 

2.  In  the  next  place,  as  the  radiative  power  increases,  the  power  of 
reflection  diminishes,  and  the  contrary.  A  bright  metal  vessel  reflects 
much  heat ;  on  this  very  account  it  does  not  emit  much ;  and  hence 
a  hot  fluid  which  such  a  vessel  contains,  remains  hot  longer  than  it 
does  in  an  unpolished  case. 

3.  The  heat  is  emitted  from  every  point  of  the  surface  of  a  hot 
hody  in  all  directions ;  but  by  no  means  in  all  directions  with  equal 
intensity.  The  intensity  of  the  heating  ray  is  as  the  sine  of  the  angle 
which  it  makes  with  the  surface. 

The  last  law  is  entirely,  the  two  former  in  a  great  measure,  due  to 
the  researches  of  Leslie,  whose  Experimental  Inquiry  into  the  Nature 
and  Propagation  of  Heat,  published  in  1804,  contains  a  great  number 
of  curions  and  striking  results  and  speculations.     ITie  laws  now  just 


"  Mem.  de  Math,  et  de  Phy».  1829. 
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stated  bear,  in  a  very  important  manner,  upon  the  formation  of  the 
theory ;  and  we  must  now  proceed  to  consider  what  appears  to  have 
been  done  in  this  respect ;  taking  into  account,  it  must  still  be  borne 
in  mind,  only  the  phenomena  of  conduction  and  radiation. 

Sect,  7. — Fourier* 8  Theory  of  Radiant  Heat, 

The  above  laws  of  phenomena  being  established,  it  was  natural  that 
philosophers  should  seek  to'  acquire  some  conception  of  the  physical 
action  by  which  they  might  account,  both  for  these  laws,  and  for  the 
general  fundamental  facts  of  Thermotics ;  as,  for  instance,  the  fact  that 
all  bodies  placed  in  an  inclosed  space  assume,  in  time,  the  temperature 
of  the  inclosure.  Fourier's  explanation  of  this  class  of  phenomena 
must  bo  considered  as  happy  and  successful ;  for  he  has  shown  that 
the  supposition  to  which  we  are  led  by  the  most  simple  and  general 
of  the  facts,  will  explain,  moreover,  the  less  obvious  laws.  It  is  an 
obvious  and  general  fact,  that  bodies  which  are  included  in  the  space 
tend  to  acquire  the  same  temperature.  And  this  identity  of  tempera- 
ture of  neighboring  bodies  requires  an  hypothesis,  which,  it  is  found, 
also  iaccounts  for  Leslie's  law  of  the  sine,  in  radiation. 

This  hypotliesis  is,  that  the  radiation  takes  place,  not  from  the  sur- 
face alone  of  the  hot  body,  but  from  all  particles  situated  within  a 
certain  small  depth  of  the  surface.  It  is  easy  to  see"  that,  on  this  sup- 
position, a  ray  emitted  obliquely  from  an  internal  particle,  will  be  less 
intense  than  one  sent  forth  perpendicular  to  the  surface,  because  the 
former  will  be  intercepted  in  a  greater  degree,  having  a  greater  length 
of  path  within  the  body;  and  Fourier  shows,  that  whatever  be  the  law 
of  this  intercepting  power,  the  result  will  be,  that  the  radiative  inten- 
sity is  as  the  sine  of  the  angle  made  by  the  ray  with  tlie  surface. 

But  this  law  is,  as  I  have  said,  likewise  necessary,  in  order  that 
neighboring  bodies  may  tend  to  assume  the  same  temperature:  for 
instance,  in  order  that  a  small  particle  placed  within  a  spherical 
shell,  should  finally  assume  the  temperature  of  the  ;%hell.  If  the  law 
of  the  sines  did  not  obtain,  the  final  temperature  of  such  a  particle 
would  depend  upon  its  place  in  the  inclosure;'*  and  within  a  shell  of 
ice  we  should  have,  at  certain  points,  the  temperature  of  boiling  water 
and  of  melting  iron. 

This  proposition  may  at  first  appear  strange  and  unlikely ;  but  it  may 


^Mem.  Inst.  t.  v.  1821,  p.  204.  ^  An.  Chim,  iv.  1817,  p.  129. 
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V>^  %bown  to  be  a  necessary  consequence  of  the  assumed  principle,  bj 
^^ty  simple  reasoning,  which  I  shall  give  in  a  general  form  in  a  Note.** 
This  reasoning  is  capable  of  being  presented  in  a  manner  quite 
s&tisfiictoiy,  by  the  use  of  mathematical  symbols,  and  proves  that  Les- 
lie's law  of  the  sines  is  rigorously  and  mathematically  true  on  Fourier's 
hypothesis.  And  thus  Fourier's  theory  of  molecular  extra-radiation 
acquires  great  consistency. 

Sect.  8. — Discovery  of  the  Polarization  of  Heat, 

The  laws  of  which  the  discovery  is  stated  in  the  preceding  Sections 
af  this  Chapter,  and  the  explanations  given  of  them  by  the  theories 
of  conduction  and  radiation,  all  tended  to  make  the  conception  of  a 
material  heat,  or  caloric^  communicated  by  an  actual  flow  and  emis- 
sion, femiliar  to  men's  minds  ;  and,  till  lately,  had  led  the  greater  part 
of  thermotical  philosophers  to  entertain  such  a  view,  as  the  most  pro- 
bable opinion  concerning  the  nature  of  heat.  But  some  stei>s  have 
recently  been  made  in  thermotics,  which  appear  to  be  likely  to  over- 
turn this  belief,  and  to  make  the  doctrine  of  emission  as  untenable 
with  regard  to  heat,  as  it  Lad  been  found  to  be  with  regard  to  light. 
I  speak  of  the  discover}'  of  the  polarization  of  heat.  It  being  ascer- 
tained that  rays  of  heat  are  polarized  in  the  same  manner  as  rays  of 


'*  The  following  reasoning  may  show  the  connexion  of  the  law  of  the  sines 
iQ  radiant  heat  with  the  general  principle  of  ultimate  identity  of  neigliboring 
temperatures.  The  equilibrium  and  identity  of  temperature  between  an  includ- 
ing shell  and  an  included  body,  cannot  obtain  upon  the  whole,  except  it  obtain 
between  each  pair  of  parts  of  the  two  surfaces  of  the  body  and  of  the  shell ; 
that  i«,  any  part  of  the  one  surface,  in  its  exchanges  with  any  part  of  the  other 
rarfiice,  must  give  and  receive  the  same  quantity  of  heat.  Now  the  quantity 
exchanged,  so  far  as  it  depends  on  the  receiving  surface,  will,  by  geometry,  be 
proportional  to  the  sine  of  the  obliquity  of  that  surface :  and  as,  in  the  ex- 
changes, each  may  be  considered  as  receiving,  the  quantity  transferred  must 
l>e  proportional  to  the  sines  of  the  two  obliquities ;  that  is,  to  that  of  the  giv- 
ing as  well  as  of  the  receiving  surface. 

Xor  is  this  conclusion  disturbed  by  the  consideration,  that  all  the  rays  of  hent 
which  fall  upon  a  surface  are  not  absorbed,  some  being  reflected  accoiding  to 
the  nature  of  the  surface.  For,  by  the  other  above-mentioned  laws  of  pheno- 
mena, we  know  that,  in  the  snma  measure  in  which  the  surface  loses  the  power 
of  admitting,  it  loses  the  power  of  emitting,  heat ;  and  the  superficial  parts  gain, 
bv  al>sorbing  their  own  radiation,  as  much  as  they  lose  by  not  absorbing  the 
incident  heat ;  so  that  the  result  of  the  preceding  reasoning  remains  unaltered. 
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liii^lit,  wo  cannot  retain  the  doetrine  tliat  heat  radiates  by  the  eniauji 
tion  of  material  partich>s,  witliout  supposing  those  particles  of  calori* 
to  have  poles ;  an  hypothesis  which  probably  no  one  would  embrace 
for,  besides  that  tlie  ill  fortune  wliicL  attended  that  hypothesis  in  ihi 
case  of  light  must  deter  speculators  from  it,  the  intimate  connexion  o! 
lieat  and  light  would  hardly  allow  us  to  suppose  polarization  in  th< 
two  cases  to  be  produced  by  two  different  kinds  of  machinery. 

But,  without  here  tracing  further  the  influence  which  the  polariza 
tion  of  heat  must  exercise  upon  the  formation  of  our  theories  of  heal 
we  must  briefly  notice  this  important  discover}',  as  a  law  of  phono 
mena. 

The  analogies  and  connexions  between  light  and  heat  are  so  strong 
that  when  the  polarization  of  light  had  been  discovered,  men  wer 
naturally  led  to  endeavor  to  ascertain  whether  heat  possessed  an; 
corresponding  property.  l>ut  partly  from  the  difficulty  of  obtaining  an; 
considerable  effect  of  heat  separated  from  light,  and  partly  from  thi 
want  of  a  thennometrical  apparatus  sufliciently  delicate,  these  attempt 
led,  for  some  time,  to  no  decisive  result.  M.  Berard  took  up  the  sul 
ject  in  1 8 1 3.  He  used  Malus's  apparatus,  and  conceived  that  he  foutt 
heat  to  be  polarized  by  reflection  at  the  surface  of  glass,  in  the  sam 
manner  as  lights  and  with  the  same  circumstances.**  But  when  Pk 
fessor  Powell,  of  Oxford,  a  few  years  later  (1830),  repeated  these  ea 
perinients  with  a  similar  apparatus,  he  found'^  that  though  the  hei 
which  is  conveyed  along  with  light  is,  of  course,  polarizable,  "simp! 
radiant  heat,"  as  he  terms  it,  did  not  ofter  the  smallest  difference  i 
tlie  two  rectangular  azimuths  of  the  second  glass,  and  thus  shoved  u 
trace  of  polarization. 

Thus,  with  the  old  thermometers,  the  point  remained  doubtfu 
But  soon  after  this  time,  MM.  Melloni  and  Nobili  invented  an  appan 
tus,  depending  on  certain  galvanic  laws,  of  which  we  sliall  have  t 
speak  hereafter,  which  they  called  a  thermomultiplier ;  and  "whic 
was  much  more  sensitive  to  changes  of  temperature  tlian  any  prev 
ously-known  instrument.  Yet  even  with  this  instniment^  M.  Melloi 
failed ;  and  did  not^  at  first,  detect  any  perceptible  polarization  of  hei 
by  the  tourmaline ;"  nor  did  M.  Xobili,"  in  repeating  M.  Bcrard's  e: 
periment  But  in  this  experiment  the  attempt  was  made  to  polaru 
heat  by  reflection  from  glass,  as  light  is  polarized :  and  the  quantil 


"  Ann.  Chim,  March,  1813.    *"  Edin.  Journ,  of  Science,  1880,  voL  ii  p.  808. 
^  Ann.  de  Chimie,  vol.  Iv.       "  Bibliothtquc  Universellf. 
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\d«V^cted  is  so  small  that  the  inevitable  errors  might  completely  dis- 
?*^^  the  whole  difference  in  the  two  opposite  positions.  When  Pro£ 
¥otV)esy  of  Edinburgh,  (in  1834,)  employed  mica  in  the  like  cxperi- 
^^i^tB)  he  found  a  very  decided  polarizing  effect ;  first,  when  the  heat 
^is  tnnsmitted  through  several  films  of  mica  at  a  certain  angle,  and 
afterwards,  when  it  was  reflected  from  them.  In  this  case,  he  found 
tluit  with  non-luminous  heat,  and  even  with  the  heUt  of  water  below 
tie  boiling  pointy  the  difference  of  the  heating  power  in  the  two 
posrtioQs  of  opposite  polarity  (parallel  and  crossed)  was  manifest  He 
ilflo  detected  by  careful  experiments,"  the  polarizing  effect  of  tourma- 
lioei  This  important  discovery  was  soon  confirmed  by  M.  Melloni. 
Doobts  were  suggested  whether  the  different  effect  in  the  opposite 
pontioDs  might  not  be  due  to  otlier  circumstances;  but  Professor 
F<Hbeft  easily  showed  that  these  suppositions  were  inadmissible ;  and 
the  property  of  a  difference  of  sides,  which  at  first  seemed  so  strange 
when  ascribed  to  the  rays  of  light,  also  belongs,  it  seems  to  be  proved, 
to  the  rays  of  heat  Professor  Forbes  also  found,  by  interposing  a 
plate  of  mica  to  intercept  the  ray  of  heat  in  an  intermediate  point,  an 
effect  was  produced  in  certain  positions  of  the  mica  analogous  to  what 
was  called  depolarization  in  the  case  of  light;  namely,  a  partial 
destruction  of  the  differences  which  polarization  establishes. 

Before  this  discovery,  M.  Melloni  had  already  proved  by  experiment 
that  heat  is  refracted  by  transparent  substances  as  light  is.  In  the  case 
of  light,  the  depolarizing  effect  was  afterwards  found  to  be  really,  as 
wc  have  seen,  a  dipolarizing  effect,  the  ray  being  divided  into  two  rays 
by  (fottWe  refraction.  We  are  naturally  much  tempted  to  put  the  same 
interpretation  upon  the  dipolarizing  effect  in  the  case  of  heat ;  but 
perhaps  the  assertion  of  the  analogy  between  light  and  heat  to  this 
extent  is  as  yet  insecure. 

It  is  the  more  necessary  to  be  cautions  in  our  attempt  to  identify 
the  laws  of  light  and  heat,  inasmuch  as  along  with  all  the  resemblances 
of  the  two  agents,  there  are  very  important  differences.  Tlic  power 
of  transmitting  lights  the  diaphaneity  of  bodies,  is  very  distinct  from 
their  power  of  transmitting  heat,  which  has  been  called  diathermancy 
by  M.  Melloni.  Thus  both  a  plate  of  alum  and  a  plate  of  rock-salt 
transmit  nearly  the  whole  light;  but  while  the  first  stops  nearly  the 
whole  heat,  the  second  stops  very  little  of  it ;  and  a  plate  of  opake 


"*  Ed.  K  8,  Transaetiont,  vol  xiv. ;  and  Phil.  Mag,  1835,  vol  v.  p.  209.    lb 
ToL  vii  p.  349. 
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quartz,  nearly  impenetrable  by  light,  allows  a  large  portion  of  the  heat 
to  pass.  By  passing  the  rays  through  various  media,  the  heat  majr 
oe,  as  it  were,  sifted  from  the  light  which  accompanies  it 

[2nd  Ed.]  [The  diathermancy  of  bodies  is  distinct  from  their  di»- 
phaneity,  in  so  £ar  that  the  same  bodies  do  not  exercise  the  same  powers 
of  selection  and  suppression  of  certain  rays  on  heat  and  on  light ;  bnt 
it  appears  to  be  proved  by  the  investigations  of  modern  thennotical 
philosophers  (MM.  De  la  Roche,  Powell,  Melloni,  and  Forbes),  that 
there  is  a  close  analogy  between  the  absorption  of  certain  colors  by 
transparent  bodies,  and  the  absorption  of  certain  kinds  of  heat  by  dia- 
thermanous  bodies.  Dark  sources  of  heat  emit  rays  which  are  analo- 
gous to  blue  and  violet  rays  of  light ;  and  highly  luminous  sources 
emit  rays  which  are  analogous  to  red  rays.  And  by  measuring  the 
angle  of  total  reflection  for  heat  of  different  kinds,  it  has  been  shown  • 
that  the  former  kind  of  calorific  rays  are  really  less  refrangiUe  than 
the  latter.'* 

M.  Melloni  has  assumed  this  analogy  as  so  completely  established, 
that  he  has  proposed  for  tliis  part  of  thermotics  the  name  Thermo- 
chroology  (Qu.  ChromotJiermotics  ?)  ;  and  along  with  this  term,  many 
others  derived  from  the  Greek,  and  founded  on  the  same  analogy.  K 
it  should  appear,  in  the  work  which  he  proposes  to  publish  on  this 
subject,  that  the  doctrines  which  he  has  to  state  cannot  easily  be  made 
intelligible  without  the  use  of  the  terms  he  suggests,  his  nomenclature 
will  obtain  currency  ;  but  so  large  a  mass  of  etjrmological  innovations 
is  in  general  to  be  avoided  in  scientific  works. 

M.  Melloni's  discovery  of  the  extraordinary  power  of  rockscUt  to 
transmit  heat,  and  Professor  Forbes's  discovery  of  the  extraordinary 
power  of  mica  to  polarize  and  depolarize  heat,  have  supplied  thenno- 
tical inquirers  with  two  new  and  most  valuable  instruments.**] 

Moreover,  besides  the  laws  of  conduction  and  radiation,  many  other 
laws  of  the  phenomena  of  heat  have  been  discovered  by  philosophers  ; 
and  these  must  be  taken  into  account  in  judging  any  theory  of  heat 
To  these  other  laws  we  must  now  turn  our  attention. 


*  See  Prof.  Forbes's  77drd  Seriet  of  Researches  on  Heat,  Edinb.  US.  TranM, 
vol.  xiv. 

•*  For  an  account  of  many  thennotical  researches,  which  I  have  been  oblig^ 
to  pass  unnoticed  here,  see  two  Reports  by  Prof  Powell  on  the  present  state 
of  our  knowledge  respecting  Radiant  Heat,  in  the  Reports  of  the  British  Atmh 
eiation  for  1832  and  1840. 
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CHAPTER  II. 
The  Laws  of  Chanobs  occasioned  by  Heat. 


SecL  h — Exparmon  by  Heat — The  Law  of  Dalton  and  Oay-Lussac 
for  Gases. 

ALMOST  all  bodies  expand  by  beat ;  solids,  as  metals,  in  a  small 
degree ;  fluids,  as  water,  oil,  alcobol,  mercury,  in  a  greater  degree. 
This  was  one  of  tbc  facts  first  examined  by  tbosc  wbo  studied  tbe 
nataie  of  heat,  because  this  property  was  used  for  the  measure  of  heat. 
In  the  Philosopky  of  ike  Inductive  Sciences,  Book  iv.,  Chap,  iv.,  I 
have  stated  that  secondary  qualities,  such  as  Ilcat,  must  be  measured 
by  their  effects  :  and  in  Sect.  4  of  that  Chapter  I  have  given  an  account 
of  the  successive  attempts  which  have  been  made  to  obtain  measures 
of  heat  I  have  there  also  spoken  of  the  results  which  were  obtained 
by  comparing  the  rate  at  which  the  expansion  of  different  substances 
went  on,  under  the  same  degrees  of  heat;  or  as  it  was  called,  the  dif- 
ferent thrmometrical  march  of  each  substance.  Mercury  appears  to 
be  the  liquid  which  is  most  uniform  in  its  thermometrical  march  ;  and 
it  has  been  taken  as  the  most  common  material  of  our  thermometers  ; 
but  iht  expansion  of  mercury  is  not  proportional  to  the  heat.  De  Luc 
was  M,  by  his  experiment*,  to  conclude  "  that  the  dilatations  of  mer- 
CQTT  follow  an  accelerated  march  for  equal  augmentations  of  heat." 
Dalton  conjectured  that  water  and  mercury  both  expand  as  the  square 
of  the  real  temperature  from  the  point  of  greatest  contraction  :  the 
real  temperature  being  measured  so  as  to  lead  to  such  a  result.  But 
none  of  the  rules  thus  laid  down  for  the  expansion  of  solids  and  fluids 
appear  to  have  led,  as  yet,  to  any  certain  general  laws. 

With  regard  to  gases,  thermotical  inquirers  have  been  more  success- 
ful.   Gases  expand  by  heat ;  and  their  expansion  is  governed  by  a  law 
which  applies  alike  to  all  degrees  of  heat,  and  to  all  gaseous  fluids. 
The  Jaw  is  this :  that /or  equal  increments  of  temperature  they  expand 
by  the  same  fraction  of  their  own  hulk  ;  which  fraction*  is  three-eighths 
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is,  that  it  changes  their  form^  as  it  is  often  called,  that  is,  tl 
dition  as  solid,  liquid,  or  air.  Since  the  term  "  form"  is  emp 
too  many  and  various  senses  to  be  immediately  understood  w! 
intended  to  convey  this  peculiar  meaning,  I  shall  use,  instead  < 
terra  consistence,  and  shall  hope  to  be  excused,  even  when  I  aj 
word  to  gases,  though  I  must  acknowledge  such  phraseolog 
unusual.  Thus  there  is  a  change  of  consistence  when  solids 
liquid,  or  liquids  gaseous;  and  the  laws  of  such  changes  ] 
fundamental  facts  of  our  thermotical  theories.  We  arc  stil 
dark  as  to  many  of  the  laws  which  belong  to  this  change ;  bu 
them,  of  great  importance,  has  been  discovered,  and  to  that ' 
now  proceed. 

Sect,  3. — The  Doctrine  of  Latent  Heat, 

The  Doctrine  of  Latent  Heat  refers  to  such  changes  of  consii 
we  have  just  spoken  of.  It  is  to  this  effect ;  that  during  the 
sion  of  solids  into  liquids,  or  of  liquids  into  vapors,  there 
municated  to  the  body  heat  which  is  not  indicated  by  the 
meter.  The  heat  is  absorbed,  or  becomes  latent ;  and,  on  tl 
hand,  on  the  condensation  of  the  vapor  to  a  liquid,  or  the  liq 
solid  consistency,  this  heat  is  again  given  out  and  becomes 
Thus  a  pound  of  ice  requires  twenty  times  as  long  a  time,  in 
room,  to  raise  its  temperature  seven  degrees,  as  a  pound  of 
water  does.  A  kettle  placed  on  a  fire,  in  four  minutes  had 
peraturc  raised  to  the  boiling  point,  212°  :  and  this  temperati 
tinned  stationary  for  twenty  minutes,  when  the  whole  wai 
away.  Dr.  Black  inferred  from  these  facts  that  a  large  qna 
heat  is  absorbed  by  the  ice  in  becoming  water,  and  by  the  t 
becoming  steam.  He  reckoned  from  the  above  experiments,  1 
in  melting,  absorbs  as  much  heat  as  would  raise  ice-cold  water  i 
140°  of  temperature  :  and  that  water,  in  evaporating,  absorbs  ; 
heat  as  would  raise  it  through  940°. 

That  snow  requires  a  great  quantity  of  heat  to  melt  it ;  thj 
requires  a  great  quantity  of  heat  to  convert  it  into  steam ;  i 
this  heat  is  not  indicated  by  a  rise  in  the  thermometer,  are  fad 
it  is  not  difficult  to  observe  ;  but  to  separate  these  from  all  ext 
conditions,  to  group  the  cases  together,  and  to  seize  upon  the 
law  by  which  they  are  connected,  w^as  an  effort  of  inductive 
which  has  been  considered,  and  deservedly,  as  one  of  the  most 
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in  the  modem  history  of  physics.  Of  this  steptlic  principal 
ppears  to  belong  to  Black. 

£d.]  [In  the  first  edition  I  had  mentioned  the  names  of  De 
I  of  Wilcke,  in  connexion  with  the  discovery  of  Latent  Heat, 
ith  the  name  of  Black.  De  Luc  had  observed,  in  1755,  that 
lelting,  did  not  rise  above  the  freezing-point  of  temperature  till 
>]e  was  melted.  De  Luc  has  been  chaiged  with  plagiarizing 
discovery,  but,  I  think,  without  any  just  ground.  In  his  Idei9 
\ftteorologique  (1787),  he  spoke  of  Dr.  Black  as  "the  first  who 
empted  the  determinations  of  the  quantities  of  latent  heat.** 
icn  Mr.  Watt  pointed  out  to  him  that  from  this  expression  it 
>e  supposed  that  Black  had  not  discovered  the  fact  itself  he 
led,  and  redressed  the  equivocal  expression  in  an  Appendix  to 
ime.* 

c  never  published  his  own  account  of  the  doctrine  of  Latent 
but  he  delivered  it  every  year  after  1760  in  his  Lectures.  In 
surreptitious  publication  of  bis  Lectures  was  made  by  a  Lon- 
kseller,  and  this  gave  a  view  of  the  leading  points  of  Dr.  Black's 
J.  In  1772,  Wilcke,  of  Stockholm,  read  a  paper  to  the  Royal 
of  that  city,  in  which  the  absorption  of  heat  by  melting  ice  is 
d ;  and  in  the  same  year,  Do  Luc  of  Geneva  published  his 
kes  sur  les  Modifications  de  V Atmosphere^  which  has  been 
to  contain  the  doctrine  of  latent  heat,  and  which  the  author 
to  have  been  written  in  ignorance  of  what  Black  had  done, 
iter  period,  De  Luc,  adopting,  in  part,  Black's  expression,  gave 
le  of  latent  fire  to  the  heat  absorbed.* 

pears  that  Cavendish  determined  the  amount  of  heat  produced 
lensing  steam,  and  by  thawing  snow,  as  early  as  1765.  He  had 
I  already  heard  something  of  Black's  investigations,  but  did 
ipt  his  term  "  latent  heat."] 

consequences  of  Black's  principle  are  very  important,  for  upon 
mded  the  whole  doctrine  of  evaporation ;  besides  which,  the 
0  of  latent  heat  has  other  applications.  But  the  relations  of 
'  vapor  to  air  are  so  important^  and  have  been  so  long  a  sub- 


\i\s  Letter  to  the  Editors  of  the  Edinburgh  Review^  No.  xii.  p.  502,  of  the 

Ed,  Rev.  No.  vL  p.  20. 

Mr.  V.  Harcourt*8  Address  to  the  Brit  Assoc,  in  1889,  and  the  Ajh 

<0K  II.— 11. 
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jcct  of  specuiation,  that  we  may  with  advantage  dwell  a  little  upon 
them.  The  part  of  science  in  which  this  is  done  may  be  called,  as  we 
have  said,  Atmology ;  and  to  that  division  of  Thermotics  the  follow* 
ing  chapters  belong. 


ATMOLOGY. 


CHAPTER  III. 
The  Relation  of  Vapor  and  Air. 


Sect,  I. — The  BoyUan  Law  of  the  Air's  Elasticity. 

TN  the  Sixth  Book  (Chap.  iv.  Sect,  i.)  we  have  already  seen  how  the 
■*■  conception  on  the  la\vs  of  fliii<l  equilibrium  was,  by  Pascal  and 
others,  extended  to  air,  as  well  as  water.  But  though  air  presses  and 
^  pressed  as  water  presses  and  is  pressed,  pressure  produces  upon  air 
*Q  effect  which  it  does  not,  in  any  obvious  degree,  produce  upon 
vater.  Air  which  is  pressed  is  also  compressed^  or  made  to  occupy  a 
smaller  space ;  and  is  consequently  also  made  more  dense,  or  condensed ; 
^J  on  the  other  liand,  wlien  the  pressure  upon  a  portion  of  air  is 
^iiminishcd,  the  air  expands  or  is  rarefied.  These  broad  facts  are  evi- 
Jcnt  They  are  expressed  in  a  general  way  by  saying  that  air  is  an 
"i^Nc  fluid,  yielding  in  a  certain  degree  to  pressure,  and  recovering 
^^  pmious  dimensions  when  the  pressure  is  removed. 

^ut  when  men  liad  reached  this  point,  the  questions  obviously 
offered  themselves,  in  what  degree  and  acconling  to  what  law  aii 
V'olds  to  pressure ;  when  it  is  compressed,  what  relation  does  the 
•Icnsity  bear  to  the  pressure  ?     The  use  which  had  been  made  of  tubes 
containing  columns  of  mercury,  by  which  the  pressure  of  portions  of 
air  was  varied  and  measured,  suggested  obvious  modes  of  devising  ex- 
periments by  which  this  question  might  be  answered.     Such  experi- 
menti  accordingly  were  made  by  Boyle  about  1G50 ;  and  the  result  at 
*ln"ch  he  arrive<l  was,  that  when  air  is  thus  compressed,  the  density  is 
osilm  [jrcssure.     Thus  if  the  pressure  of  the  atmosphere  in  its  common 
state  be  equivalent  to  30  inches  of  mercury,  as  shown  by  the  barome- 
ter ;  if  air  included  in  a  tube  be  pressed  by  30  additional  inches  of 
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mercury,  its  density  will  be  doubled,  the  air  being  compreEsed  into 
one  half  the  space.  If  the  pressure  be  increased  threefold,  the  densi- 
ty is  also  trebled ;  and  so  on.  The  same  law  was  soon  afterwards  (in 
1676)  proved  experimentally  by  Mariotte.  And  this  law  of  the  air^a 
elasticity,  that  the  density  is  as  the  pressure,  is  sometimes  called  the 
Boylean  Law,  and  sometimes  the  Law  of  Boyle  and  Mariotte. 

Air  retains  its  aerial  chfiracter  permanently ;  but  there  are  other 
aerial  substances  which  appear  as  such,  and  then  disappear  or  change 
into  some  other  condition.  Such  are  termed  vapors.  And  the  dis- 
covery of  their  true  relation  to  air  was  the  result  of  a  long  course  of 
researches  and  speculations. 

[2nd  Ed.]  [It  was  found  by  M.  Cagniard  de  la  Tour  (in  1823),  that 
at  a  certain  temperature,  a  liquid,  under  sufficient  pressure,  becomes 
clear  transparent  vapor  or  gas,  having  the  same  bulk  as  the  liquid. 
This  condition  Dr.  Faraday  calls  the  Cagniard  de  la  Tour  state,  (the 
Tourian  state  ?)  It  was  also  discovered  by  Dr.  Faraday  that  carbonic- 
acid  gas,  and  many  other  gases,  which  were  long  conceived  to  be  per- 
manently elastic,  are  really  reducible  to  a  liquid  state  by  pressure.* 
And  in  1835,  M.  Thilorier  found  the  means  of  reducing  liquid  carbo- 
nic acid  to  a  solid  form,  by  means  of  the  cold  produced  in  evaporation. 
More  recently  Dr.  Faraday  has  added  several  substances  usually  gaseous 
to  the  list  of  those  which  could  previously  be  shown  in  the  liquid 
state,  and  has  reduced  others,  including  ammonia,  nitrous  oxide,  and 
sulphuretted  hydrogen,  to  a  solid  consistency.'  After  these  discoveriesi 
we  may,  I  think,  reasonably  doubt  whether  all  bodies  are  not  capaUa 
of  existing  in  the  three  consistencies  of  solid,  liquid,  and  air. 

We  may  note  that  the  law  of  Boyle  and  Mariotte  is  not  exactly 
true  near  the  limit  at  which  the  air  passes  to  the  liquid  state  in  sach 
cases  as  that  just  spoken  of.  The  diminution  of  bulk  is  then  more 
rapid  than  the  increase  of  pressure. 

The  transition  of  fluids  from  a  liquid  to  an  airy  consistence  appeaa 
to  be  accompanied  by  other  curious  phenomena.  See  Pro£  Forbee*t 
papers  on  the  Color  of  Steam  under  certain  circumstances^  and  on 
the  Colors  of  the  Atmosphere^  in  the  Edin,  Trans,  vol.  xiv.] 


•  PhU,  Trani,  1828.  ■  lb.  Pt  i  1845. 
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Sect.  2. — Prelude  io  Bolton's  Doctrine  of  £v((poration. 

ViMBLB  clouds,  smoke,  distillation,  gave  the  notion  of  Vapor ;  vapor 
was  at  first  conceived  to  be  identical  with  air,  as  by  Bacon.*  It  was 
easOj  collected,  that  by  heat,  water  might  be  converted  into*  vapor. 
It  was  thought  that  air  was  thus  produced,  in  the  instrument  called 
thecNdipile,  in  which  a  powerful  blast  is  caused  by  a  boiling  fluid ;  but 
Wolfe  showed  that  the  fluid  was  not  converted  into  air,  by  using  cam- 
J^oratcd  ^irit  of  wine,  and  condensing  the  vapor  after  it  had  been 
fonned.  We  need  not  enumerate  the  doctrines  (if  very  vague  hypo- 
Aeses  may  be  so  termed)  of  Descartes,  Dechales,  Borelli.*  The  latter 
accoanted  for  the  rising  of  vapor  by  supposing  it  a  mixture  of  fire  and 
water;  and  thus,  fire  being  much  lighter  than  air,  the  mixture  also 
was  light  Boyle  endeavored  to  show  that  vapors  do  not  permanently 
float  in  vacuo.  He  compared  the  mixture  of  vapor  with  air  to  that 
of  salt  with  wat^r.  He  found  that  the  pressure  of  the  atmosphere 
affected  the  heat  of  boiling  water;  a  very  important  fact,  l^oyle 
proved  this  by  means  of  the  air-pump ;  and  he  and  his  friends  were 
roach  surprised  to  find  that  when  air  was  removed,  water  only  just 
wann  boiled  violently.  Iluyghens  mentions  an  experiment  of  the 
amekind  made  by  Papin  about  1G73. 

The  ascent  of  vapor  was  explained  in  various  ways  in  succession, 
according  to  the  changes  which  physical  science  underwent.    It  was  a 
problem  distinctly   treated   of,  at  a  period  when   hydrostatics  liad 
accounted  for  many  phenomena ;  and  attempts  were  naturally  made 
to  redace  this  fact  to  hydrostatical  principles.    An  obvious  hypothesis, 
^bich  brought  it  under  the  dominion  of  these  principles,  was,  to  sup- 
pose that  the  water,  when  converted  into  vapor,  was  divided  into 
small  hollow  globules  ; — thin  pellicles  including  air  or  heat,      lialley 
gave  such  an  explanation  of   evaporation ;    Leibnitz  calculated  the 
dimensions  of  these  little  bubbles ;  Dcrliam  managed  (as  he  supposed) 
to  examine  them  with  a  magnifying  glass ;  Wolfe  also  examined  and 
calculated  on  tlie  same  subject.     It  is  curious  to  see  so  much  confi- 
dence in  so  lame  a  theory;  for  if  water  became  hollow  globules  in 
onjer  to  rise  as  vapor,  we  require,  in  order  to  explain  the  formation  of 
these  globules,  new  laws  of  nature,  which  are  not  even  hinted  at  by 


'  Bftcon'fl  Hist.  Nat.  Cent  i.  p.  21. 

*  They  may  bo  Been  in  Fischer,  Gcschichte  der  Fhytik,  voL  ii.  p.  176. 
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in  proceeding  from  freezing  to  boiling  water.  This  law  was  discovcf 
by  Dalton  and  M.  Gay-Lussac  independently  of  each  other  ;*  and 
usually  called  by  botli  their  names,  the  law  of  Dalton  and  0ay-Lu$9k 
The  latter  says,*  "  The  experiments  which  I  have  described,  and  wU 
have  been  made  with  great  care,  prove  incontestably  that  ozygi 
hydrogen,  azotic  acid,  nitrous  acid,  ammoniacal  acid,  muriatic  acid,  ^ 
phurous  acid,  carbonic  acid,  gases,  expand  equally  by  equal  incremee 
of  heat."  "  Therefore,"  he  adds  with  a  proper  inductive  generalizatii 
"  the  result  does  not  depend  upon  physical  properties,  and  I  coU* 
that  all  pases  expand  equalli/  hy  heat^  He  then  extends  this  to  vapc 
as  ether.  This  must  be  one  of  the  most  important  foundation-stoi 
of  any  sound  theory  of  heat. 

[2nd  Ed.]  Yet  MM.  Magnus  and  Regnault  conceive  that  they  In 
overthrown  this  law  of  Dalton  and  Gay-Lussac,  and  shown  that  f 
different  gases  do  not  expand  alike  for  the  same  increment  of  li€ 
Magnus  found  the  ratio  to  be  for  atmospheric  air,  1'366 ;  forhydrogj 
1*365  ;  for  carbonic  acid,  1-369 ;  for  sulphurous-acid  gas,  1'385.  1 
these  differences  arc  not  greater  than  the  differences  obtained  for  * 
same  substances  by  different  observers ;  and  as  this  law  is  referred- 
in  Laplace's  hypothesis,  hereafter  to  be  discussed,  I  do  not  treat 
law  as  disproved. 

Yet  that  the  rate  of  expansion  of  gas  in  certain  circumstance* 
different  for  different  substances,  must  be  deemed  very  probable,  ftf 
Dr.  Faraday's  recent  investigations  On  the  Liquefojction  and  Solki 
cation  of  Bodies  generally  existing  as  Gases*  by  which  it  appears  ts 
the  elasticity  of  vapors  in  contact  with  their  fluids  increases  at  differ 
rates  in  different  substances.  "  That  the  force,"  he  says,  "  of  v«i; 
increases  in  a  geometrical  ratio  for  equal  increments  of  heat  is  true 
all  bodies,  but  the  ratio  is  not  the  same  for  all.  .  .  .  For  an  incro 
of  pressure  from  two  to  six  atmospheres,  the  following  number 
degrees  require  to  be  added  to  the  bodies  named  : — water  69°,  sulphC 
ous  acid  63°,  dyanogen  64°-5,  ammonia  60°,  arseniuretted  hydrog 
54°,  sulphuretted  hydrogen  56°'5,  muriatic  acid  43°,  carbonic  m 
32°-5,  nitrous  oxide  30°."] 

We  have  already  seen  that  the  opinion  that  the  air-thermometefl 
a  true  measure  of  heat,  is  strongly  countenanced  by  the  symmtf 
which,  by  using  it,  we  introduce  into  ^le  laws  of  radiation.     If 


^Maneh.  Mem.  vol  v.  1802;  and  Ann.  Chim,  xliiL  p.  137. 
«  lb.  p.  272.  *Pha.  Trans.  1845,  Ptl. 
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aui^cept  the  law  of  Dalton  and  Gay-Lussac,  it  follows  that  this  result  is 
independent  of  any  peculiar  properties  in  the  air  employed ;  and  thus 
t;lii8  measure  has  an  additional  character  of  generality  and  simplicity 
'which  make  it  still  more  probable  that  it  is  the  true  standard.  This 
opinion  is  further  supported  by  the  attempts  to  include  such  facts  in  a 
theory ;  but  before  we  can  treat  of  such  theories,  we  must  speak  of 
some  other  doctrines  which  have  been  introduced. 

Sect.  2. — Specific  Heat, — Chawje  of  Consicience. 

Ih  the  attempts  to  obtain  measures  of  heat,  it  was  found  that  bodies 
had  different  capacities  for  heat ;  for  the  same  quantity  of  heat,  how- 
ever measured,  would  raise,  in  different  degrees,  the  temperature  of 
different  substances.  The  notion  of  different  capacities  for  heat  was 
thus  introduced,  and  each  body  was  thus  assumed  to  have  a  specific 
c^MKt(y  for  heat,  according  to  the  quantity  of  heat  which  it  required 
to  nuse  it  through  a  given  scale  of  heat.*  The  term  "  capacity  for 
heat"  was  introduced  by  Dr.  Irvine,  a  pupil  of  Dr.  Black.  For  this 
-torra,  Wilckc,  the  Swediiih  physicist,  substituted  "  specific  heat ;"  in 
analogy  with  "  specific  gravity." 

It  was  found,  also,  that  the  capacity  of  the  same  substance  was 
<iifierent  in  the  same  substance  at  different  temperatures.  It  appears 
from  experiments  of  MM.  Dulong  and  Petit,  that,  in  general,  the 
<^^pacity  of  liquids  and  solids  increases  as  we  ascend  in  the  scale  of 
"^■onperature. 

But  one  of  the  most  important  tliermotic  facts  is,  that  by  the 
^^<lden  contraction  of  any  mass,  its  temperature  is  increased.  This  is 
I>^uliarly  obser\abIe  in  gases,  as,  for  example,  common  air.  The 
Amount  of  the  increase  of  temperature  by  sudden  condensation,  or  of 
^Hcj  cold  produced  by  sudden  rarefaction,  is  an  important  datum, 
*ietermining  the  velocity  of  sound,  as  we  have  already  seen,  and  affect- 
^"^g  many  points  of  meteorology.  The  coefficient  which  enters  the 
<^aJculation  in  the  former  case  depends  on  the  ratio  of  two  specific 
neats  of  air  under  different  conditions ;  one  belonging  to  it  when, 
varying  in  density,  the  pressure  is  constant  by  which  the  air  is  con- 
fined; the  other,  when,  varying  in  density,  it  is  contained  in  a  con- 
^^i  space, 
A  leading  fact,  also,  with  regard  to  the  operation  of  heat  on  bodies 


*  See  Crawfurd,  On  Heat,  for  the  History  of  Specific  Heat 


168  mSTORY  OF  THERMOTICS. 

Luc  denied  all  solution,  and  held  vapor  to  be  a  combination  of  the 
particles  of  water  with  fire,  by  which  they  became  lighter  than  air. 
''  According  to  him,  there  is  always  fire  enough  present  to  produce  this 
combination,  so  that  evaporation  goes  on  at  all  temperatures. 

Tliis  mode  of  considering  independent  vapor  as  a  combination  of 
fire  with  water,  led  the  attention  of  those  who  adopted  that  opinion  to 
the  thermometrical  changes  which  take  place  when  vapor  is  formed 
and  condensed.  These  changes  are  important,  and  their  laws  curious. 
The  laws  belong  to  the  induction  of  latent  heat,  of  which  we  have 
just  spoken  ;  but  a  knowledge  of  them  is  not  absolutely  necessary  in 
order  to  enable  us  to  understand  the  manner  in  which  steam  exists  in 
air. 

De  Luc's  views  led  him*  also  to  the  consideration  of  the  effect  of 
pressure  on  vapor.  He  explains  the  fact  that  pressure  will  condense 
vapor,  by  supposing  that  it  brings  the  particles  within  the  distance  at 
which  the  repulsion  arising  from  fire  ceases.  In  this  way,  he  also 
explains  the  fact,  that  though  external  pressure  does  thus  condense 
steam,  the  mixture  of  a  body  of  air,  by  which  the  pressure  is  equally 
increased,  will  not  produce  the  same  effect;  and  therefore,  vapors  can 
exist  in  the  atmosphere.  They  make  no  fixed  proportion  of  it ;  but  at 
the  same  temperature  we  have  the  same  pressure  arising  from  them^ 
whether  they  are  in  air  or  not.  As  the  heat  increases,  vapor  becomes 
capable  of  supporting  a  greater  and  greater  pressure,  and  at  the 
boiling  heat,  it  can  support  the  pressure  of  the  atmosphere. 

De  Luc  also  marked  very  precisely  (as  "Wallerius  had  done)  the  dif- 
ference between  vapor  and  air ;  the  former  being  capable  of  change  of 
comistence  by  cold  or  pressure,  the  lattor  not  so.  Pictet,  in  1V86, 
made  a  hygrometrical  experiment,  which  appeared  to  him  to  confirm 
De  Luc's  views;  and  De  Luc,  in  1*792,  published  a  concluding  essay 
on  the  subject  in  the  Philosophical  Transactions,  Pictet's  Essay  on 
Fire,  in  1791,  also  demonstrated  that  "  all  the  train  of  hygrometrical 
^  phenomena  takes  place  just  as  well,  indeed  rather  quicker,  in  a  vacuum 
than  in  air,  provided  the  same  quantity  of  moisture  is  present."  This 
essay,  and  De  Luc's  paper,  gave  the  death-blow  to  the  theory  of  the 
solution  of  water  in  air. 

Yet  this  theory  did  not  fall  without  an  obstinate  struggle.  It  was 
taken  up  by  the  new  school  of  French  chemists,  and  connected  with 
their  views  of  heat.      Indeed,  it  long  appears  as  the  prevalent  opinion 


•  Fischer,  vol.  vil  p.  463.    Nouvelles  IcUes  sur  la  McUorologie,  1787. 
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Girtanner,*  in  his  Grounds  of  the  Aniiphlogistk  Theory^  may  Ic  con- 
sidered as  one  of  the  principal  expounders  of  this  view  of  the  matter. 
Hube,  of  Warsaw,  was,  however,  the  strongest  of  the  defcn('.ers  of  the 
theory  of  solution,  and  published  upon  it  repeatedly  about  1790.  Yei 
he  appears  to  have  been  somewhat  embarrassed  with  the  increase  of 
the  air^s  elasticity  by  vapor.  Parrot,  in  1801,  proposed  another 
theory,  maintaining  that  Do  Luc  had  by  no  means  successfully  attacked 
that  of  solution,  but  only  De  Saussure's  superfluous  additions  to  it. 

It  is  difficult  to  see  what  prevented  the  general  reception  of  the 
doctrine  of  independent  vapor ;  since  it  explained  all  the  facts  very 
simply," and  the  agency  of  air  was  shown  over  and  over  again  to  be 
iranecessary.  Yet,  even  now,  the  solution  of  water  in  air  is  hardly 
eiploded.  M.  Gay  Lussac,"  in  1800,  talks  of  the  quantity  of  water 
** held  in  solution"  by  the  air;  which,  he  says,  varies  according  to  its 
temperature  and  density  by  a  law  which  has  not  yet  been  discovered. 
And  Professor  Robison,  in  the  article  "  Steam,"  in  the  Encyclopcedia 
Britannica  (published  about  1800),  says,"  "Many  philosophers  ima- 
|,nne  that  spontaneous  evaporation,  at  low  temperatures,  is  produced  in 
this  way  (by  elasticity  alone).  l>ut  we  cannot  be  of  tliis  opinion  ;  and 
most  still  think  that  this  kind  of  evaporation  is  produced  by  the  dis- 
soMng power  of  the  air."  lie  then  i^ives  some  reasons  fur  his  opinion. 
**When  moist  air  is  suddenly  rarefied,  there  is  always  a  precipitation 
of  water.  But  by  this  new  doctrine  the  very  contrary  should  happen, 
because  the  tendency  of  water  to  appear  in  the  clastic  form  is  promot- 
ed by  removing  the  external  })ressure."  Another  main  difficulty  in 
the  way  of  the  doctrine  of  the  mere  mixture  of  vapor  and  air  was  sup- 
[>osed  to  be  this  ;  that  if  they  were  so  mixed,  the  heavier  fluid  would 
take  the  lower  part,  and  the  lighter  the  higher  part,  of  the  space  which 
they  occupied. 

The  former  of  these  argunn^nts  was  repelled  by  the  consideration 
that  in  the  rarefaction  of  air,  its  specific  heat  is  changed,  and  thus  its 
temperature  reduced  below  the  constituent  temperature  of  the  vapor 
which  it  contains.  Tlie  latter  argument  is  answered  by  a  reference  to 
I'alton's  law  of  the  mixture  of  gases.  "We  must  consider  the  esta- 
blishment of  this  doctrine  in  a  new  sedion,  as  the  most  material  step 
^  the  true  notion  of  evaporation. 


'  Kscher,  vol.  vii.  473.  "  Ann.  Ckim.  torn,  xliii 

"  Robison's  Works,  ii.  37. 
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Sect,  3. — DaltorCs  Doctrine  of  Evaporation, 

A  PORTION  of  that  which  appears  to  be  the  tnie  notion  of  evaporation 
was  known,  with  greater  or  less  distinctness,  to  several  of  the  physical 
philosophers  of  whom  we  have  spoken.  They  were  aware  that  the 
vapor  which  exists  in  air,  in  an  invisible  state,  may  be  condensed  into 
water  by  cold :  and  they  had  noticed  that,  in  any  state  of  the  atmo- 
sphere, there  is  a  certain  temperature  lower  than  that  of  the  atmo- 
sphere, to  which,  if  we  depress  bodies,  water  forms  upon  thcni  in  fine 
drops  like  dew  ;  this  temperature  is  thence  called  the  dew-point.  The 
vapor  of  water  which  exists  anywhere  may  be  reduced  below  the 
degree  of  heat  which  is  necessary  to  constitute  it  vapor,  and  thus  h 
ceases  to  be  vapor.  Ilence  this  temperature  is  also  called  the  consti" 
tuent  temperature.  This  was  generally  known  to  the  meteorological 
speculators  of  the  last  century,  although,  in  England,  attention  was 
principally  called  to  it  by  Dr.  "Wells's  Essai/  on  Dew,  in  1814.  This 
doctrine  readily  explains  how  the  cold  produced  by  rarefaction  of  air, 
descending  below  the  constituent  temperature  of  the  contained  vapor, 
may  precipitate  a  dew  ;  and  thus,  as  we  have  said,  refutes  one  obvious 
objection  to  the  theory  of  independent  vapor. 

The  other  diflSculty  was  first  fully  removed  by  Mr.  Dalton.  When 
his  attention  was  drawn  to  the  subject  of  vapor,  he  saw  insurmountable 
objections  to  the  doctrine  of  a  chemical  union  of  water  and  air.  In 
fact,  this  doctrine  was  a  mere  nominal  explanation ;  for,  on  closer  ex- 
amination, no  chemical  analogies  supported  it.  After  some  reflection, 
and  in  the  sequel  of  other  generalizations  concerning  gases,  he  was  led 
to  the  persuasion,  that  when  air  and  steam  arc  mixed  together,  each 
follows  its  separate  laws  of  equilibrium,  the  particles  of  each  being 
elastic  with  regard  to  those  of  their  own  kind  only  :  so  that  steam 
may  be  conceived  as  flowing  among  the  particles  of  air"  "  like  a 
stream  of  water  among  pebbles ;"  and  the  resistance  which  air  offers 
to  evaporation  arises,  not  from  its  weight,  but  from  the  inertia  of  its 
particles.  • 

It  will  be  found  that  the  theory  of  independent  vapor,  understood 
with  these  conditions,  will  include  all  the  facts  of  the  case ; — ^gradaal 
evaporation  in  air ;  sudden  evaporation  in  a  vacuum ;  the  increase  of 


"  Manchester  Mnnoirs,  vol.  v.  p.  581 
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the  air's  elasticity  by  vapor ;  condensation  by  its  various  causes ;  and 
other  phenomena. 

Bat  Mr.  Dalton  also  made  experiments  to  prove  his  fundamental 
principle,  that  if  two  different  gases  communicate,  they  will  diffuse 
themselves  through  each  other  ;** — slowly,  if  the  opening  of  commu- 
nication be  small.  He  observes  also,  that  all  the  gases  had  equal  sol- 
vent powers  for  vapor,  which  could  hardly  have  happened,  had  che- 
mical affinity  been  concerned.  Nor  does  the  density  of  the  air  make 
any  difference. 

Taking  all  these  circumstances  into  the  account,  Mr.  Dalton  aban- 
doned the  idea  of  solution.  "  In  the  autumn  of  1801,"  he  says,  "  I  hit 
upon  an  idea  which  seemed  to  bo  exactly  calculated  to  explain  the 
phenomena  of  vapor  :  it  gave  rise  to  a  great  variety  of  experiments," 
which  ended  in  fixing  it  in  his  mind  as  a  true  idea.  "  But,"  he  adds, 
**the  theory  was  almost  universally  misunderstood,  and  consequently 
reprohated." 

Mr,  Dalton  answers  various  objections.  BcrthoUct  had  urged  that. 
«^e  can  hardly  conceive  the  particles  of  an  elastic  substance  added  to 
dboseof  another,  without  increa-^ing  its  elasticity.  To  this  Mr.  Dalton 
replies  by  adducing  the  instance  of  magnets,  which  repel  each  other, 
bat  do  not  repel  other  bodies.  One  of  the  most  curious  and  ingenious 
objections  is  that  of  M.  Gough,  who  argues,  that  if  each  gas  is  elastic 
with  regard  to  itself  alone,  we  should  hear,  produced  by  one  stroke,  four 
sounds;  namely, ^r*/,  the  sound  through  aqueous  vapor;  second^  the 
sound  through  azotic  gas;  third ^  the  sound  through  oxygen  gas; 
Jn.Tik^  the  sound  through  carbonic  acid.  Mr.  Daltou's  answer  is,  that 
the  difference  of  time  at  which  these  sounds  would  come  is  very  small ; 
and  that,  m  fact,  we  do  hear,  sounds  double  and  treble. 

In  his  Xew  System  of  Chemical  Philosojyhy^  Mr.  Dalton  considers 
the  objections  of  his  opponents  with  singular  candor  and  impartiality. 
He  there  appears  disposed  to  abandon  that  part  of  the  theory  which 
negatives  the  mutual  repuUion  of  the  particles  of  the  two  gjises,  atul 
to  attribute  tlieir  diffusion  througli  one  another  to  tluj  diticrent  sizc^  of 
the  particles,  which  ^vould,  he  thinks,^'  produce  the  same  effect. 

In  selecting,  as  of  jM.'nnanent  impoi-tancc,  the  really  valuable  part  of 
this  tlieor}',  we  must  endeavoi*  to  leave  out  all  that  is  doubtful  or  un- 
proved.   I  believe  it  will  be  found  that  in  all  theories  hitherto  promul- 


^  Nao  St/sirtn  of  Chemical  Philosopht/,  vol.  i.  p.  151. 
^  New  System,  vol.  I  p.  188. 
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gated,  all  assertions  respecting  the  properties  of  the  particles  of  bodies, 
their  sizes,  distances,  attractions,  and  the  like,  are  insecure  and  super- 
fluous. Passing  over,  then,  such  hypotheses,  the  inductions  which 
remain  are  these ; — that  two  gases  which  are  in  communication  will, 
by  the  elasticity  of  each,  diffuse  themselves  in  one  another,  quickly  or 
slowly ;  and — that  the  quantity  of  steam  contained  in  a  certain  space 
of  air  is  the  same,  whatever  be  the  air,  whatever  be  its  density,  and 
even  if  there  be  a  vacuum.  These  propositions  may  be  included 
together  by  saying,  that  one  gas  is  mechanically  mixed  with  another; 
and  we  cannot  but  assent  to  what  Mr.  Dalton  says  of  the  latter  fact, — 
"this  is  certainly  the  touchstone  of  the  mechanical  and  chemical 
theories."  This  doctrine  of  the  mechanical  mixture  of  gases  appears  to 
supply  answers  to  all  the  diflSculties  opposed  to  it  by  Berthollet  and 
others,  as  Mr.  Dalton  has  shown  ;*•  and  wc  may,  therefore,  accept  it  as 
well  established. 

This  doctrine,  along  with  the  principle  of  the  constituent  temperor 
ture  of  steam,  is  applicable  .to  a  large  scries  of  meteorological  and  other 
consequences.  But  before  considering  tlie  applications  of  theory  to 
natural  phenomena,  which  have  been  made,  it  will  be  proper  to  speak 
of  researches  which  were  carried  on,  in  a  great  measure,  in  consequence 
of  the  use  of  steam  in  the  arts :  I  mean  the  laws  which  connect  its 
elastic  force  with  its  constituent  temperature. 

Sect.  4. — Determination  of  the  Laws  of  the  Elastic  Force  of  Steam, 

The  expansion  of  aqueous  vapor  at  different  temperatures  is  governed, 
like  that  of  all  other  vapors,  by  the  law  of  Dalton  and  Gay-Lussac, 
already  mentioned  ;  and  from  this,  its  elasticity,  when  its  expansion  is 
resisted,  will  be  known  by  the  law  of  Boyle  and  Mariotte ;  namely,  by 
the  rule  that  the  pressure  of  airy  fluids  is  as  the  condensation.  But  it 
is  to  be  obsen'ed,  that  this  process  of  calculation  goes  on  the  sup- 
position that  the  steam  is  cut  off  from  contact  with  water,  so  that  no 
more  steam  oan  bo  generated ;  a  case  quite  different  from  the  common 
one,  in  which  the  steam  is  more  abundant  as  the  heat  is  greater.  The 
examination  of  the  force  of  vapi>r,  when  it  is  in  contact  with  water, 
must  be  briefly  noticed. 

During  the  periinl  of  which  we  have  been  spei\king,  the  progress  6[ 
the  investigation  of  the  hiws  of  aqueous  vapor  was  much  acceleratcK^ 


**  JVVie  Sy^em^  vol.  L  p.  160,  Jkc, 
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by  the  growing  importance  of  the  stcaiii-enginc,  in  which  those  lawc 
operated  in  a  practical  form.  James  Watts,  the  main  improver  of 
that  machine,  was  thus  a  great  contributor  to  speculative  knowledge, 
as  well  as  to  practical  power.  Many  of  his  improvements  depended 
on  the  laws  which  regulate  the  quantity  of  heat  which  goes  to  the 
formation  or  condensation  of  steam ;  and  the  obscr\'ation8  which  led 
to  these  improvements  enter  into  the  induction  of  latent  heat.  Mea- 
surements of  the  force  of  steam,  at  all  temperatures,  were  made  with 
the  same  view.  Watts's  attention  had  been  drawn  to  the  steam-engine 
in  1759,  by  Robison,  the  former  being  then  an  instrument-maker,  and 
the  latter  a  student  at  the  University  of  Glasgow."  In  1761  or  1V62, 
he  tried  some  experiments  on  the  force  of  steam  in  a  Papin's  Diges- 
ter;" and  formed  a  sort  of  working  model  of  a  steam-engine,  feeling 
already  his  vocation  to  develope  the  powers  of  that  invention.  His 
knowledge  was  at  that  time  principally  derived  from  Desaguliers  and 
Belidor,  but  his  own  experiments  added  to  it  rapidly.  In  1764  and 
1765,  he  made  a  more  systematical  course  of  experiments,  directed  to 
ascertain  the  force  of  steam.  He  tried  this  force,  however,  only  at 
temperatures  above  the  boiling-point ;  «ind  inferred  it  at  lower  degrees 
from  the  supposed  continuity  of  the  law  thus  obtained.  His  friend 
Mison,  also,  was  soon  after  led,  by  reading  the  account  of  some  expe- 
riments  of  Lord  Charles  Cavendish,  and  some  others  of  Mr.  Nairne,  to 
examine  the  same  subject.  He  made  out  a  tiible  of  the  correspondence 
of  the  elasticity  and  the  temperature  of  va})or,  from  thirty-two  to  two 
hundred  and  eighty  degrees  of  Fahrenheit's  thermometer.**  The 
tlibg  here  to  be  remarked,  is  the  establishment  of  a  law  of  the  pres- 
sure of  steam,  down  to  the  freezing-point  of  water.  Ziegler  of  Basle, 
in  1769,  and  Achard  of  Berlin,  in  1782,  made  similar  experiments. 
■Ihe  latter  examined  also  the  elasticity  of  the  vapor  of  alcohol.  Be- 
t^noourt,  in  1792,  published  his  Memoir  on  the  expansive  force  of 
^apoR|  and  his  tables  were  for  some  time  considered  the  most  exact. 


"Robisoii'd  Works,  voL  ii.  p.  113. 
Benia  Papin,  who  made  many  of  Boyle's  experiments  for  him,  had  disco- 
vered that  if  the  vapor  be  prevented  from  rising,  the  water  becomes  hotter  than 
toe  usnal  boiling-point ;  and  had  hence  invented  the  instrument  colled  Papiid 
-^^tter.  It  is  described  in  liis  book,  Za  manitre  (Tamolir  lea  os  ct  defaire 
^Tftouiet  sorts  de  viandcs  en  fort  peu  de  temps  et  a  peu  defrals.  Paris,  1C82. 
These  were  afterwards  published  in  tlie  Encyclopced'a  Brllannica  ;  in  tb« 
article  "  Steam,"  written  by  Robison. 


174:  THERMOTICS. 

Prony,  in  Lis  Architecture  HydrauUque  (1796),  established  a  mathe- 
matical formula,**  on  the  experiments  of  Betancoart,  who  began  bia 
researches  in  the  belief  that  he  was  first  in  the  field,  although  be 
afterwards  found  that  he  bad  been  anticipated  by  Zicgler.  Gren  com- 
pared the  experiments  of  Betancourt  and  De  Luc  with  his  own.  He 
ascertained  an  important  fact,  that  when  water  hoils^  the  elasticity  of 
the  steam  is  equal  to  tliat  of  the  atmosphere.  Schmidt  at  Giessea 
endeavored  to  improve  the  apparatus  used  by  Betancourt ;  and  Biker, 
of  Rotterdam,  in  1800,  made  new  trials  for  the  same  purpose.  , 

In  1801,  Mr.  Dalton  communicated  tc  the  Philosophical  Society  of 
Manchester  his  investigations  on  this  subject;  observing  truly,  that 
though  the  forces  at  high  temperatures  arc  most  important  when 
steam  is  considered  as  a  mechanical  agent,  the  progress  of  philosophy 
is  more  immediately  interested  in  accurate  observations  on  the  force 
at  low  temperatures.  He  also  found  that  his  elasticities  for  equidis- 
tant temperatures  resembled  a  geometrical  progression^  but  with  a  ratio 
constantly  diminishing.  Dr.  Uro,  in  1818,  published  in  the  Phihso- 
pkical  Transactions  of  London,  experiments  of  the  same  kind,  valua- 
ble from  the  high  temperatures  at  which  they  were  made,  and  for  the 
simplicity  of  his  apparatus.  The  law  which  he  thus  obtained  ap- 
proached, like  Dalton*s,  to  a  geometrical  progression.  Dr.  Uro  says, 
that  a  formula  proposed  by  M.  Biot  gives  an  error  of  near  nine  inches 
out  of  seventy-five,  at  a  temperature  of  2GG  degrees.  This  is  very 
conceivable,  for  if  the  formula  be  wrong  at  all,  the  geometrical  pro- 
gress rapidly  inflames  the  error  in  the  higher  portions  of  the  scale. 
The  elasticity  of  steam,  at  high  temperatures,  has  also  been  experi- 
mentally examined  by  Mr.  Southern,  of  Soho,  and-  Mr.  Sharpe,  of 
Manchester.  Mr.  Dalton  has  attempted  to  deduce  certain  general 
laws  from  Mr.  Sharpens  experiments ;  and  other  persons  have  offered 
other  rules,  as  those  which  govern  the  force  of  steam  with  reference  to 
the  temperature  :  but  no  rule  appears  yet  to  have  assumed  the  charac- 
ter of  an  established  scientific  truth.  Yet  the  law  of  the  expansive 
force  of  steam  is  not  only  required  in  order  that  the  steam-engine 
may  be  employed  with  safety  and  to  the  best  advantage ;  but  must 
also  be  an  important  point  in  every  consistent  thermotical  theory. 

[2nd  Ed.]  [To  the  experiments  on  steam  made  by  private  phy- 
sicists, are  to  be  added  the  experiments  made  on  a  grand  scale  by 
order  of  the  governments  of  France  and  of  America,  with  a  view  tc 


*•  Architecture  Hydravlique^  Seconde  P&rtie,  p.  163. 
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legislation  on  the  subject  of  steam-engines.  The  French  experiments 
were  made  in  1823,  under  the  direction  of  a  commission  consisting 
of  some  of  the  most  distinguished  members  of  the  Academy  of 
Sciencw;  namely,  MM.  do  Prony,  Arago,  Girard,  and  Dulong.  The 
American  experiments  were  placed  in  the  hands  of  a  committee  of 
the  Franklin  Institute  of  the  State  of  Pennsylvania,  consisting  of  Prof. 
Bache  and  others,  in  1830.  The  French  experiments  went  as  high 
08  435**  of  Fahrenheit's  thermometer,  corresponding  to  a  pressure  of 
.60  feet  of  mercury,  or  24  atmospheres.  The  American  experiments 
were  made  up  to  a  temperature  of  346°,  which  corresponded  to  274 
inches  of  mercury,  more  than  9  atmospheres.  The  extensive  range 
of  these  experiments  affords  great  advantages  for  determining  the  law 
of  the  expansive  force.  The  French  Academy  found  that  their 
experiments  indicated  an  increase  of  the  elastic  force  according  to  the 
ffik  power  of  a  binominal  1  +  ^^  where  t  is  the  temperature.  The 
American  Institute  were  4ed  to  a  sixth  power  of  a  like  binominal. 
Other  experimenters  liavc  expressed  their  results,  not  by  powers  of 
the  temperature,  but  by  geometrical  ratios.  Dr.  lA'illon  had  supposed 
that  the  expansion  of  mercury  bciii'^  as  the  square  of  the  true  tem- 
perature above  its  freezing-point,  the  expansive  force  of  steam  increases 
in  geometrical  ratio  for  equal  increments  of  temperature.  And  the; 
author  of  the  article  Steam  in  the  Seventh  Edition  of  the  Encyclo- 
]Hiim  Britannica  (Mr.  J.  S.  Russell),  has  found  that  the  experiments 
are  best  satisfied  by  supposing  mercury,  as  well  as  steam,  to  expand 
in  a  geometrical  ratio  for  equal  increments  of  the  true  temperature. 

h  appears  by  such  calculation,  that  while  dry  gas  increases  in  the 
nitioof  8  to  11,  by  an  increase  of  temperature  from  freezing  to  boiling 
water;  steam  in  contact  with  water,  by  the  same  increase  of  tempera- 
ture above  boiling  water,  has  its  expansive  force  increased  in  the  pro- 
[•ortion  of  1  to  12.  By  an  equal  increase  of  temperature,  mercury 
expands  in  about  the  ratio  of  8  to  9. 

Recently,  MM.  Magnus  of  Berlin,  llolzmann  and  Begnault,  have 
inade  series  of  observations  on  the  relation  between  temperature  and 
t-'lasticity  of  steam." 

I^rcf.  Magnus  measured  his  temperatures  by  an  air-theniiometer ;  a 
process  which,  I  stated  in  the  first  edition,  seemed  to  aftbrd  the  best 
promise  of  simplifying  the  law  of  expansion.     His  result  is,  that  the 


^e  Taylor's  Scientific  Memoirs,  Aug.  1845,  vol  iv.  part  xiv.,  and  Ann,  de 
Chlmie. 
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elasticity  proceeds  in  a  geometric  series  when  the  temperature  pi 
ceeds  in  an  arithmetical  scries  nearly  ;  the  differences  of  temperatu 
for  equal  augmentations  of  the  ratio  of  elasticity  being  somewli 
greater  for  the  higher  temperatures. 

The  forces  of  the  vapors  of  other  liquids  in  contact  with  thi 
liquids,  determined  by  Dr.  Faraday,  as  mentioned  in  Chap.  ii.  Sect* 
are  analogous  to  the  elasticity  of  steam  here  spoken  of.] 

Sect  5. — Consequences  of  the  Doctrine  of  Evaporation, — JSxplanati 
of  Rain,  Dew^  and  Clouds, 

The  discoveries  concerning  jbhe  relations  of  heat  and  moisture  wlfc. 
were  made  during  the  last  century,  were  principally  suggested 
meteorological  inquiries,  and  were  applied  to  meteorology  as  fasb 
they  rose.  Still  there  remains,  on  many  points  of  this  subject^ 
much  doubt  and  obscurity,  that  we  cannot  suppose  the  doctrines 
have  assumed  their  final  form ;  and  therefore  we  are  not  here  caU 
upon  to  trace  their  progress  and  connexion.  The  principles  of  atn 
logy  are  pretty  well  understood ;  but  the  difficulty  of  observing  ti 
conditions  under  which  they  produce  their  effects  in  the  atmospha 
is  so  great,  that  the  precise  theory  of  most  meteorological  phenomei 
is  still  to  be  determined. 

We  have  already  considered  the  answers  given  to  tlie  questioc 
According  to  what  rules  does  transparent  aqueous  vapor  resume  r 
form  of  visible  water  ?  This  question  includes,  not  only  tlie  problenc 
of  Rain  and  Dew,  but  also  of  Clouds ;  for  clouds  are  not  vapor,  be 
water,  vapor  being  always  invisible.  An  opinion  which  attract* 
much  notice  in  its  time,  was  that  of  Ilutton,  who,  in  1*784,  endeavoie 
to  prove  that  if  two  masses  of  air  saturated  with  transparent  vapor  I 
different  temperatures  are  mixed  together,  the  precipitation  of  waU 
in  the  form  either  of  cloud  or  of  drops  will  take  place.  The  reaao 
he  assigned  for  the  opinion  was  this :  that  the  temperature  of  fl 
mixture  is  a  mean  between  the  two  temperatures,  but  that  the  force  c 
the  vapor  in  the  mixture,  which  is  the  mean  of  the  forces  of  the  tn 
component  vapors,  will  be  greater  than  that  which  corresponds  to  tt 
mean  temperature,  since  the  force  increases  faster  than  the  temperi 
ture ;  **  and  hence  some  part  of  the  vapor  will  be  precipitated.  Th 
doctrine,  it  will  be  seen,  speaks  of  vapor  as  "  saturating "  air,  and 


'*  Edin.  Trans,  vol.  i.  p.  42. 
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therefore,  in  this  form,  inconsistent  with  Dalton^s  principle ;  but  it  is 
iic3t  difficult  to  modify  the  expression  so  as  to  retain  the  essential  part 
o£  the  explanation. 

Dew, — The  principle  of  a  "  constituent  temperature"  of  steam,  and 
"tJae  explanation  of  the  "  dew-point,"  were  known,  as  we  have  said 
(chap,  iil  sect.  3,)  to  the  meteorologists  of  the  last  century  ;  but  we 
ixrceive  how  incomplete  their  knowledge  was,  by  the  very  gradual 
^«X3aimer  in  which  the  consequences  of  this  principle  were  traced  out. 
"VYe  have  already  noticed,  as  one  of  the  books  which  most  drew  atten- 
tion to  the  true  doctrine,  in  this  country  at  least,  Dr.  Wells's  Essay  on 
^^kvB^  published  in  1814.    In  this  work  the  author  gives  an  account  of 
tte  progress  of  his  opinions ;"  "  I  was  led,"  he  says,  "  in  the  autumn 
of  1784,  by  the  event  of  a  rude  experiment,  \j6  think  it  probable  that 
tiie  fomiation  of  dew  is  attended  with  the  production  of  cold."     This 
'^FM  confirmed  by  the  experiments  of  others.    But  some  years  after, 
**Tipon  considering  the  subject  more  closely,  I  began  to  suspect  that 
lir. Wilson,  Mr.  Six,  and  myself,  had  all  committed  an  error  in  regard- 
ing the  cold  which  accompanies  the  dew,  as  an  effect  of  the  formation 
of  the  dew."     lie  now  considered  it  rather  as  the  cause:  and  soon 
found  that  he  was  able  to  account  for  the  circumstances  of  this  forma- 
tion, many  of  them  curious  and  paradoxical,  by  supposing  the  bodies 
on  which  dew  is  deposited,  to  be  cooled  down,  by  radiation  into  the 
clear  night-sky,  to  the  proper  temperature.     The  same  principle  will 
obviously  explain  the  formation  of  mists  over  streams  and  lakes  when 
the  air  is  cooler  than  the  water ;  which  was  put  forward  by  Davy, 
even  in  1819,  as  a  new  doctrine,  or  at  least  not  familiar. 

hygrometers. — According  as  air  has  more  or  less  of  vapor  in  com- 
parison with  that  which  its  temperature  and  pressure  enable  it  to  con- 
^iD,  it  is  more  or  less  humid  ;  and  an  instrument  which  measures  the 
^l^rees  of  such  a  gradation  is  a  hygrometer.  The  hygrometers  which 
^^  at  first  invented,  were  those  which  measured  the  moisture  by  its 
^ect  in  producing  expansion  or  contraction  in  certain  organic  sub- 
"^ces;  thus  De  SaiLssure  devised  a  hair-hygrometer,  Dc  Luc  a 
whalebone-hygrometer,  and  Dalton  used  a  piece  of  whipcord.  All 
^^  contrivances  were  variable  in  the  amount  of  their  indications 
^^er  tlie  same  circumstances ;  and,  moreover,  it  was  not  easy  to 
^ow  the  physical-  meaning  of  the  degree  indicated.  The  dew-pointy 
^f  constituent  temperature  of  the  vapor  which  exists  in  tlie  air,  is,  on 
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the  other  hand,  both  constant  and  definite.  The  determini 
this  point,  as  a  datum  for  the  moisture  of  the  atmosphere,  y 
ployed  by  Le  Roi,  and  by  Dalton  (1802),  the  condensatioi 
obtained  by  cold  water  :**  and  finally,  Mr.  Daniell  (1812)  com 
an  instrument,  where  the  condensing  temperature  was  prodn 
evaporation  of  ether,  in  a  very  convenient  manner.  This  is 
(DanielVs  Hygrometer)  enables  us  to  determine  the  quantity  < 
which  exists  in  a  given  mass  of  the  atmosphere  at  any  time  of 
ation. 

[2nd  Ed.]  [As  a  happy  application  of  the  Atmologi«i 
which  have  been  discovered,  I  may  mention  the  completion 
theory  and  use  of  the  Wet^ulh  Hygrometer  ;  an  instrument  ii 
from  the  depression  of  temperature  produced  by  wetting  the  b 
thermometer,  we  infer  the  further  depression  which  would  ; 
dew.  Of  this  instrument  the  history  is  thus  summed  up  I 
Forbes  : — "  Hutton  invented  the  method  ;  Leslie  revived  and  e 
it,  giving  probably  the  earliest,  though  an  imperfect  theory ;  C 
sac,  by  his  excellent  experiments  and  reasoning  from  them,  co: 
the  theory,  so  far  as  perfectly  dry  air  is  concerned ;  Ivory  e 
the  theory ;  which  was  reduced  to  practice  by  Auguste  and  ] 
berger,  who  determined  the  constant  with  accuracy.  English 
ers  have  done  little  more  than  confirm  the  conclusions  of  on 
trious  Germanic  neighbors ;  nevertheless  the  experiments  of 
and  Prinsep  must  ever  be  considered  as  conclusively  settling  tl 
of  the  coeflScient  near  the  one  extremity  of  the  scale,  as  t 
Ksemtz  have  done  for  the  other."'* 

Prof.  Forbes's  two  Reports  On  the  Recent  Progress  and 
State  of  Meteorology  given  among  the  Reports  of  the  British  . 
tion  for  1832  and  1840,  contain  a  complete  and  luminous  ac( 
recent  researches  on  this  subject.  It  may  perhaps  be  aske< 
liavo  not  given  Meteorology  a  place  among  the  Inductive  S< 
but  if  the  reader  refers  to  these  accounts,  or  any  other  adcquj 
of  the  subject,  he  will  see  that  Meteorology  is  not  a  single  Ii 
Science,  but  the  application  of  several  sciences  to  the  explanj 
terrestrial  and  atmospheric  phenomena.  Of  the  sciences  so 
Thermotics  and  Atmclogy  are  the  principal  ones.  But  oth 
come  into  play ;  as  Optics,  in  the  explanation  of  Rainbows, 


"  Daniell,  Met  Eu,  p.  142.     Manch.  Mem.  vol.  v.  p.  681. 
•*  Second  Report  an  Meteorology^  p.  101. 
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Parhelia,  Ck>roiiffi,  Glories,  and  the  like ;  Electricity,  in  the  explana- 
tiOT  of  Thunder  and  Lightning,  Hail,  Aurora  Borealis ;  to  which  others 
might  be  added.] 

Chmis. — ^When  vapor  becomes  visible  by  being  cooled  below  its 
constitnent  temperature,  it  forms  itself  into  a  very  fine  watery  powder, 
the  diameter  of  the  particles  of  which  this  powder  consists  being  very 
small:  they  are  estimated  by  various  writers,  from  1-1 00,000th  to 
l-20,000th  of  an  inch."*  Such  particles,  even  if  solid,  would  descend 
very  slowly ;  and  very  slight  causes  would  suffice  for  their  suspension, 
without  recurring  to  the  hypothesis  of  vesicles,  of  which  we  have 
already  spoken.  Indeed  that  hypothesis  will  not  explain  the  fact, 
ocept  we  suppose  these  vesicles  filled  with  a  rarer  air  than  that  of 
the  atmosphere;  and,  accordingly,  though  this  hypothesis  is  still 
maintained  by  some,'*  it  is  asserted  as  a  fact  of  observation,  proved  by 
optical  or  other  phenomena,  and  not  deduced  from  the  suspension  of 
dooda.  Yet  the  latter  result  is  still  variously  explained  by  different 
pbilosophers :  thus,  M.  Gay-Lussac'*  accounts  for  it  by  upward  cur- 
rentg  of  air,  and  Fresncl  explains  it  by  the  heat  and  rarefaction  of  air 
in  the  interior  of  the  cloud. 

(^lamjicatian  of  Clouds. — A  chissification  of  clouds  can  then  only 
l>e  consistent  and  intelligible  when  it  rests  upon  their  atmological  con- 
ations. Such  a  system  was  proposed  by  Mr.  Luke  Howard,  in  1802-3. 
His  primary  modifications  are.  Cirrus^  Cumulus^  and  Stratus,  which 
"ic  Germans  have  translated  by  terms  equivalent  in  English  iofeatlver- 
fW,  heap-cloud,  and  layer<loud.  The  cumulus  increases  by  accumu- 
lations on  its  top,  and  floats  in  the  air  with  a  horizontal  base ;  the  stra- 
tus grows  from  below,  and  spreads  along  the  earth ;  the  cirrus  consists 
of  fibres  in  the  higher  regions  of  the  atmosphere,  which  grow  every 
**7«  Between  the  simple  modifications  are  intermediate  ones,  cirro- 
^mlus  and  cirro-stratus  ;  and,  again,  compound  ones,  the  cumulo- 
'^'^^wand  ihe  nimbus,  ox  rain-cloud.  These  distinctions  have  been 
generally  accepted  all  over  Europe  :  and  have  rendered  a  description 
^  ^1  the  processes  which  go  on  in  the  atmosphere  fiir  more  definite 
^•id  clear  than  it  could  be  made  before  their  use. 

I  omit  a  mass  of  facts  and  opinions,  supposed  laws  of  phenomena 
*^d  ar-sjgned  causes,  which  abound  in  meteorology  more  than  in  any 
^^r  science.     The  slightest  consideration  will  show  us  what  a  great 
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amount  of  labor,  of  persevering  and  combined  observation,  the  progrc^av 
of  tills  branch  of  knowledi^c  requires.  I  do  not  even  speak  of  the  cc:*^  ^' 
dition  of  the  more  elevated  parts  of  the  atmosphere.  The  diminuti^cr^n 
of  temperature  i\s  we  ascend,  one  of  the  most  marked  of  atmosphei 
facts,  has  been  variously  explained  by  different  writers.  Thus  Daltoi: 
(1808)  refers  it  to  a  principle  "that  each  atom  of  air, in  the  samepe 
pendicular  column,  is  possessed  of  the  same  degree  of  heat>"  whic^--^ 
principle  he  conceives  to  be  entirely  empirical  in  this  case.  Fouri^-^* 
says"  (1817),  "  This  phenomenon  results  from  several  causes  :  one  (^f^^ 
the  principal  is  the  progressive  extinction  of  the  rays  of  heat  in  A-^*^ 
successive  strata  of  the  atmosphere." 

Leaving,  therefore,  the  application  of  thermotical  and  atmologic 
principles  in  particular  cases,  let  us  consider  for  a  moment  the  gene 
views  to  which  they  have  led  philosophers. 


CHAPTER  IV. 
Physical  Theories  of  Heat. 


WHEN  we  look  at  the  condition  of  that  branch  of  knowledge  whidE'^^ 
according  to  the  phraseology  already  employed,  wo  must 
Physical  ThermoticSy  in  opposition  to  Formal  Thermotics,  which  giv*-" 
us  detached  laws  of  phenomena,  we  find  the  prospect  very  differei 
from  that  which  was  presented  to  us  by  physical  astronomy,  optics,  i 
acoustics.  In  these  sciences,  the  maintainors  of  a  distinct  and  compr 
hensive  theory  have  professed  at  least  to  show  that  it  explains  and  ii 
eludes  the  principal  laws  of  phenomena  of  various  kinds ;  in  Therm  ^ 
tics,  we  have  only  attempts  to  explain  a  part  of  the  facts.  We  ha*  *^® 
here  no  example  of  an  hypothesis  which,  assumed  in  order  to  ezpla  "^^ 
one  class  of  phenomena,  has  been  found  also  to  account  exactly  fi^^^ 
another ;  as  when  central  forces  led  to  the  precession  of  the  equinox^^^** 
or  when  the  explanation  of  polarization  explained  also  double  refra^'^^ 
tion ;  or  when  the  pressure  of  the  atmosphere,  as  measured  by  tl^^-^ 
barometer,  gave  the  true  velocity  of  sound.  Such  coincidences,  C-^ 
consiliences^  as  I  have  elsewhere  called  them,  are  the  test  of  truth ;  an-^^^ 
thermotical  theories  cannot  yet  exhibit  credentials  of  this  kind. 


•  JVw  Sytt.  of  Chem,  vol  i  p.  125.  "  Ann,  Chim,  rl  285. 
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On  looldiig  back  at  our  view  of  this  science,  it  will  be  seen  that  it 
nuybe  distiDgnished  into  two  parts ;  the  Doctrines  of  Conduction  and 
Bidiation,  which  we  call  Thermotics  proper ;  and  the  Doctrines  res- 
pecting the  relation  of  Heat,  Airs,  and  Moisture,  which  we  have  termed 
A^logy.  These  two  subjects  differ  in  their  bearing  on  our  hypothe- 
tical views. 

Tkermotical  Theories. — The  phenomena  of  radiant  heat,  like  those 
of  radiant  light,  obviously  admit  of  general  explanation  in  two  differ- 
ent ways ; — ^by  the  emission  of  material  particles,  or  by  the  propaga- 
tion of  undulations.    Both  these  opinions  have  found  supporters. 
Probably  most  persons,  in  adopting  Prevost's  theory  of  exchanges,  con- 
ceire  the  radiation  of  heat  to  be  the  radiation  of  matter.     The  undu- 
lation hypothesis,  on.  the  other  hand,  appears  to  be  suggested  by  the 
production  of  heat  by  friction,  and  was  accordingly  maintained  by 
Boniford  and  others.    Leslie*  appears,  in  a  great  part  of  his  Inquiry^ 
to  be  a  supporter  of  some  undulatory  doctrine,  but  it  is  extremely  diffi 
colt.to  make  out  what  his  undulating  medium  is ;  or  rather,  his  opi- 
iiions  wavered  during  his  progress.     In  page  31,  he  asks, "  What  is  this 
calorific  and  frigorific  fluid  V  and  after  keeping  the  reader  in  suspense 
for  a  moment,  he  replies, 

"  Quod  petis  hie  est 

It  is  merely  the  ambient  AIR."  But  at  page  150,  he  again  asks  the 
qnestioD,  and,  at  page  188,  he  answers,  "  It  is  the  same  subtile  matter 
tliat,  according  to  its  different  modes  of  existence,  constitutes  either  heat 
or  light.''  A  person  thus  vacillating  between  two  opinions,  one  of  whicli, 
^s  palpably  false,  and  the  other  laden  with  exceeding  difficulties  which 
Redoes  not  even  attempt  to  remove, had  little  right  to  protest  against* 
**  tie  sportive  freaks  of  some  intangible  aura  ;"  to  rank  all  other  hypo 
tbeses  than  his  own  with  the  "  occult  qualities  of  the  s(jhools ;"  and  to 
class  the  "prejudices"  of  his  opponents  with  the  tenets  of  those  who 
maintained  the  fuga  vacui  in  opposition  to  Torricelli.  It  is  worth 
^bile  noticing  this  kind  of  rhetoric,  in  order  to  observe,  that  it  may 
be  used  just  as  easily  on  the  wrong  side  as  on  the  right 

Till  recently,  the  theory  of  material  heat,  and  of  its  propagation  by 
'JQiission,  was  probably  the  one  most  in  favor  with  those  who  had 
^'idied  mathematical  thermotics.     As  we  have  said,  the  laws  of  con- 
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daction,  in  their  altimate  analTtical  fonn,  were  almost  identical  wi 
the  laws  of  motion  of  floids.  Fouricr^s  principle  also,  that  the  radi 
tion  of  heat  takes  place  from  points  below  the  snrfEU^e,  and  is  interee| 
ed  by  the  snpcrficial  panicles,  appears  to  favor  the  notion  of  materi 
emission. 

Accordingly,  some  of  the  most  eminent  modem  French  mathemid 
cians  have  accepted  and  extended  the  hypothesis  of  a  material  calofi 
In  addition  to  Fourier's  doctrine  of  molecular  extra-radiation,  laj^ 
and  Poisson  have  maintained  the  hypothesis  of  molecular  intra-radi 
tion,  as  the  mode  in  which  conduction  takes  place ;  that  is,  they  li 
that  the  particles  of  bodies  are  to  be  considered  as  discrete,  or  as  poid 
separated  from  each  other,  and  acting  on  each  other  at  a  distam 
and  the  conduction  of  heat  from  one  part  to  another,  is  performed  *1 
radiation  between  all  neighboring  particles.  They  hold  that,  withoi 
this  hypothesis,  the  differential  equations  expressing  the  conditions  < 
conduction  cannot  be  made  homogeneous :  but  this  assertion  resti| 
conceive,  on  an  error,  as  Fourier  has  shown,  by  dispensing  with.  Il 
hypothesis.  The  necessity  of  the  hypothesis  of  discrete  molecnli 
action  in  bodies,  is  maintained  in  all  cases  by  M.  Poisson ;  and  he  h 
asserted  Laplace's  theory  of  capillary  attraction  to  be  defective  on  th 
ground,  as  Laplace  asserted  Fourier's  reasoning  respecting  heat  to  1 
so.  In  reality,  however,  this  hypothesis  of  discrete  molecules  canm 
be  maintained  as  a  physical  truth ;  for  the  law  of  molecular  actio 
which  is  assumed  in  the  reasoning,  after  answering  its  purpose  in  tl 
progress  of  calculation,  vanishes  in  the  result;  the  conclusion  is  tl 
same,  whatever  law  of  the  intervals  of  the  molecules  be  assunied.  H 
definite  integral,  which  expresses  the  whole  action,  no  more  prov 
that  this  action  is  actually  made  of  the  differential  parts  by  means  * 
which  it  was  found,  than  the  processes  of  finding  the  weight  of  a  hoc 
by  in tcgration,j  prove  it  to  be  made  up  of  differential  weights.  Al 
therefore,  even  if  we  were  U^  adopt  the  emission  theory  of  heat,  we  « 
by  no  means  bound  to  take  along  with  it  the  hypothesis  of  discre 
molecules. 

But  the  recent  discovery  of  the  refraction,  polarization,  and  depolai 
zation  of  heat,  has  quite  altered  the  theoretical  aspect  of  the  subjec 
and,  almost  at  a  single  blow,  ruined  the  emission  theory.  Since  he 
is  reflected  and  refracted  like  light,  analogy  would  lead  us  to  conclm 
that  the  mechanism  of  the  processes  is  the  same  in  the  two  case 
And  when  we  add  to  these  properties  the  property  of  polarization,  it 
scarcely  possible  to  believe  otherwise  than  that  heat  consists  in  trail 
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Tene  Tibrations ;  for  no  wise  philosopher  would  attempt  an  explanatior 
by  ascribing  poles  to  the  emitted  particles,  after  the  experience  which 
Optb  affords,  of  the  utter  feilure  of  such  machinery. 

Bat  here  the  question  occurs,  If  heat  consists  in  vibrations,  whence 
arises  the  extraordinary  identity  of  the  laws  of  its  propagation  with  the 
laws  of  the  flow  of  matter  ?  How  is  it  that,  in  conducted  heat,  this 
vibrataon  creeps  slowly  from  one  part  of  the  body  to  another,  the  part 
fint heated  remaining  hottest;  instead  of  leaving  its  first  place  and 
tttTelling  rapidly  to  another,  as  the  vibrations  of  sound  and  light  do ! 
The  answer  to  these  questions  has  been  put  in  a  very  distinct  and  plau 
able  forai  by  that  distinguished  philosopher,  M.  Ampere,  who  published 
aiTote  on  Heat  and  Light  considered  as  the  results  of  Vibratory 
Ma&on^  in  1834  and  1835  ;  and  though  this  answer  is  an  hypothesis, 
it  at  least  shows  that  there  is  no  fatal  force  in  the  difficulty. 

M.  Ampere's  hypothesis  is  this ;  that  bodies  consist  of  solid  mole- 
coks,  which  may  be  considered  as  arranged  at  intervals  in  a  very  rare 
ether;  and  that  the  vibrations  of  the  molecules,  causing  vibrations  of 
the  ether  and  caused  by  them,  constitute  heat.  On  these  suppositions, 
we  should  have  the  phenomena  of  conduction  explained ;  for  if  the 
molecules  at  one  end  of  a  bar  be  hot,  and  therefore  in  a  state  of  vibra- 
tion, while  the  others  are  at  rest,  the  vibrating  molecules  propagate 
^brations  in  the  ether,  but  these  vibrations  do  not  produce  heat, 
except  in  proportion  as  they  put  the  quiescent  molecules  of  the  bar 
m  vibration  ;  and  the  ether  being  very  rare  compared  with  the  mole- 
coles,  it  is  only  by  the  repeated  impulses  of  many  successive  vibrations 
that  the  nearest  quiescent  molecules  are  made  to  vibrate  ;  after  which 
they  combine  in  communicating  the  vibration  to  the  more  remote 
niolecules,  "  We  then  find  necessarily,"  M.  Amp5re  adds,  "  the  same 
^uations  as  those  found  by  Fourier  for  the  distribution  of  heat,  setting 
ootfromthe  same  hypothesis,  that  the  temperature  or  heat  transmitted 
^  proportional  to  the  difference  of  the  temperatures.  " 

Since  the  undulatory  hypothesis  of  heat  can  thus  answer  all  obvious 
objections,  we  may  consider  it  as  upon  its  trial,  to  be  confirmed  or 
modified  by  future  discoveries ;  and  especially  by  an  enlarged  know- 
Iwge  of  the  laws  of  the  polarization  of  heat. 

[2nd  Ed.]  [Since  the  first  edition  wms  written,  the  analogies  between 
"ght  and  heat  have  been  further  extended,  as  I  have  already  stilted.     It 
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has  been  discovered  by  MM.  Biot  and  Melloni  that  quartz  imprcssei 
circalar  polarization  upon  heat ;  and  by  Prof.  Forbes  that  mica,  oi 
certain  thickness,  produces  phenomena  such  as  would  be  produced 
the  impression  of  circular  polarization  of  the  supposed  transversal 
brations  of  radiant  heat ;  and  further,  a  rhomb  of  rock-salt,  of  the  shi 
of  the  glass  rhomb  which  verified  Fresnel's  extraordinary  anticipati 
of  the  circular  polarization  of  light,  verified  the  expectation,  found 
upon  other  analogies,  of  the  polarization  of  heat  By  passing  polarii 
heat  through  various  thicknesses  of  mica,  Prof.  Forbes  has  attempi 
to  calculate  the  length  of  an  undulation  for  heat 

These  analogies  cannot  fail  to  produce  a  strong  disposition  to  belk 
that  light  and  heat,  essences  so  closely  connected  that  they  can  hah 
be  separated,  and  thus  shown  to  have. so  many  curious  properties 
common,  are  propagated  by  the  same  machinery ;  and  thus  we  are  1 
to  an  Undulatory  Theory  of  Heat 

Yet  such  a  Theory  has  not  yet  by  any  means  received  full  oi 
firmation.  It  depends  upon  the  analogy  and  the  connexion  of  i 
Theory  of  Light,  and  would  have  little  weight  if  those  were  remove 
For  the  separation  of  the  rays  in  double  refraction,  and  the  phenomc 
of  periodical  intensity,  the  two  classes  of  facts  out  of  which  the  UiM 
latory  Theory  of  Optics  principally  grew,  have  neither  of  them  b€ 
detected  in  tliermotical  experiments.  Prof.  Forbes  has  assumed  alt 
nations  of  heat  for  increasing  thicknesses  of  mica,  but  in  his  experime! 
we  find  only  one  maximum.  The  occurrence  of  alternate  maxima  a 
minima  under  the  like  circumstances  would  exhibit  visible  waves 
heat,  as  the  fringes  of  shadows  do  of  light,  and  would  thus  add  mc 
to  the  evidence  of  the  theory. 

Even  if  I  conceived  the  Undulatory  Theory  of  Heat  to  be  n 
established,  I  should  not  venture,  as  yet,  to  describe  its  establishnw 
as  an  event  in  the  history  of  the  Inductive  Sciences.  It  is  only  at 
interval  of  time  after  such  events  have  taken  place  that  their  hifit< 
and  character  can  be  fiiUy  understood,  so  as  to  suggest  lessons  in  1 
Philosophy  of  Science.] 

Atmx)logical  Theories, — Hypotheses  of  the  relations  of  heat  and 
almost  necessarily  involve  a  reference  to  the  forces  by  which  the  oc 
position  of  bodies  is  produced,  and  thus  cannot  properly  be  treated 
till  we  have  surveyed  the  condition  of  chemical  knowledge.  But 
may  say  a  few  words  on  one  such  hypothesis ;  I  mean  the  hypothi 
on  the  subject  of  the  atmological  laws  of  heat,  proposed  by  Laplace, 
the  twelfth  Book  of  the  Mecanique  Celeste,  and  published  in  18: 
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It  will  be  recollected  that  the  main  laws  of  phenomena  for  which  we 
have  to  account,  by  means  of  such  an  hypothesis,  are  the  following : — 

(1.)  The  law  of  Boyle  and  Mariotte,  that  the  elasticity  of  an  aii 
Ttfies  as  its  density.    See  Chap,  iii.,  Sect  1  of  this  Book. 

(2.)  The  Law  of  Gay-Lussac  and  Dalton,  that  all  airs  expand  equally 
bjheat    See  Chap.  ii.  Sect  1. 

(3.)  The  production  of  heat  by  sudden  compression.  See  Chap.  ii. 
S6d2. 

(4.)  Dalton's  principle  of  the  mechanical  mixture  of  airs.  See  Chap. 
iiiSectd. 

(5.)  The  Law  of  expansion  of  solids  and  fluids  by  heat  See  Chap. 
iSectl. 

(6.)  Changes  of  consistence  by  heat,  and  the  doctrine  of  latent  heat 
See Cbp.ii.  Sects. 

(1)  The  Law  of  the  expansive  force  of  steam.  See  Chap.  iii. 
Sed4. 

Besides  these,  there  are  laws  of  which  it  is  doubtful  whether 
they  arc  or  are  not  included  in  the  preceding,  as  the  low  temperature 
of  the  air  in  the  higher  parts  of  the  atmosphere.  (See  Chap.  iii. 
Sect  5.) 

Laplace's  hypothesis*  is  this  : — that  bodies  consist  of  particles,  each 
of  which  gathers  round  it,  by  its  attraction,  a  quantity  of  caloric : 
that  the  particles  of  the  bodies  attract  each  other,  besides  attracting 
the  caloric,  and  that  the  particles  of  the  caloric  repel  each  other. 

In  gases,  the  particles  of  the  bodies  are  so  far  removed,  that  their 
routoal  attraction  is  insensible,  and  the  matter  tends  to  expand  by  the 
mutual  repulsion  of  the  caloric.  Ue  conceives  this  caloric  to  be  con- 
statitly  radiating  among  the  particles ;  the  density  of  this  internal 
radiation  is  the  temperature^  and  he  proves  that,  on  this  supposition, 
the  elasticity  of  the  air  will  be  as  the  density,  and  as  this  temperature. 
Hence  follow  the  three  first  rules  above  stated.  The  same  suppositions 
lead  to  Dalton's  principle  of  mixtures  (4),  though  without  involving 
"is  mode  of  conception  ;  for  Laplace  says  that  whatever  the  mutual 
action  of  two  gases  be,  the  whole  pressure  will  be  equal  to  the  sum  of 
the  separate  pressures.*  Expansion  (5),  and  the  changes  of  con- 
sistence (6),  are  explained  by  supposing"  that  in  solids,  the  mutual 
attraction  of  the  particles  of  the  body  is  the  greatest  force ;  in  liquids, 
"^e  attraction  of  the  particles  for  the  caloric  ;  in  airs,  the  repulsion  of 

*  Jfec.  Cil  L  V  p.  99.  »  lb.  p.  110.  •  lb.  p.  92. 
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tlic  caloric.  But  tlio  doctrine  of  latent  heat  again  modifies*  tlie 
liypothcsis,  and  makes  it  necessary  to  include  latent  heat  in  the 
calculation ;  yet  there  is  not,  as  we  might  suppose  there  would  bo  if  the 
theory  were  the  true  one,  any  confirmation  of  the  hypothesis  resulting 
from  the  new  class  of  laws  thus  referred  to.  Nor  docs  it  appear  that 
the  hypothesis  accounts  for  the  relation  between  the  elasticity  and  the 
temperature  of  steam. 

It  will  be  observed  that  Laplace's  hypothesis  goes  entirely  upon  the 
materiality  of  heat,  and  is  inconsistent  with  any  vibratory  theory ;  for,      ^ 
as  Ampere  remarks,  "  It  is  clear  that  if  we  admit  heat  to  consist  in    ^ 
vibrations,  it  is  a  contradiction  to  attribute  to  heat  (or  caloric)  a<^ 
repulsive  force  of  the  particles  which  would  be  a  cause  of  vibration.** 

An  unfavorable  judgment  of  Laplace's  Theory  of  Gases  is  sug— ^ 

gested  by  looking  for  that  which,  in  speaking  of  Optics,  was  men 

tioned  as  the  great  characteristic  of  a  true  theory ;  namely,  that  thoMfl 
hypotheses,  which  were  assumed  in  order  to  account  for  one  class  ol 
facts,  are  found  to  explain  another  class  of  a  diflferent  nature  : — the^« 
consilience  of  inductions.    Thus,  in  thcrmotics,  the  law  of  an  intensity^ 
of  radiation  proportional  to  the  sine  of  the  angle  of  the  ray  with  the? 
surface,  which  is  founded  on  direct  experimenti  of  radiation,  is  foimdl- 
to  be  necessary  in  order  to  explain  the  tendency  of  neighboring  bodies^ 
to  equality  of  temperature ;  and  this  leads  to  the  higher  generaliza- 
tion, that  heat  is  radiant  from  points  below  tlie  surface.     But  in  the 
doctrine  of  the  relation  of  heat  to  gases,  as  delivered  by  Laplace, 
there  is  none  of  this  unexpected  confirmation  ;  and  though  he  explains 
some  of  the  leading  laws,  his  assumptions  bear  a  large  proportion  to 
the  laws  explained.     Thus,  from  the  assumption  that  the  repulsion  of 
gases  arises  from  the  mutual  repulsion  of  tlie  particles  of  caloric^  he 
finds  that  the  pressure  in  any  gas  is  as  the  square  of  the  density  and 
of  the  quantity  of  caloric ;"  and  from  the  assumption  that  the  tem- 
perature is  the  internal  radiation,  he  finds  that  this  temperature  is  a&« 
the  density  and  the  square  of  the  caloric*     Hence  he  obtains  the  law  of 
Boyle  and  Mariottc,  and  that  of  Dalton  and  Gay-Lussac.     But  this  view 
of  the  subject  requires  other  a.ssumptions  when  we  come  to  latent  heat; 
and  accordingly,  he  introduces,  to  expressthe  latent  heat,  anew  quantity.*' 
Yet  this  quantity  produces  no  efi\ict  on  his  calculations,  nor  does  he  apply 
his  reasoning  to  any  problem  in  which  latent  heat  is  concerned. 


»  Mtc.  Cel  t  V.  p.  93.  '  P=2  ir  n  k  pV  (1)  p.  107. 

q'  n  {a) -pi?  (2)  p.  108.  "  The  quantity  i,  p.  113. 
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Mi^out^  then,  deddiDg  upon  this  theory,  wo  may  venture  to  say 
tbt  h  is  wanting  in  all  the  prominent  and  striking  characteristics 
wUch  we  have  found  in  those  great  theories  which  we  look  upon  as 
cleirlysDd  indisputably  established. 

CWiuton. — ^We  may  observe,  moreover,  that  heat  has  other  bear- 
ingiiDd effects,  which,  as  soon  as  they  have  been  analysed  into  nume- 
rial  Itws  of  phenomena,  must  be  attended  to  in  the  formation  of  ther- 
moticil  theories.  Chemistry  will  probably  supply  many  such ;  those 
which  occur  to  us,  we  must  examine  hereafter.  But  we  may  mention 
ttenmples  of  such,  MM.  De  la  Rive  and  Marcet's  law,  that  the  speci- 
fic heit  of  all  gases  is  the  same;"  and  MM.Dulong  and  Petit's  law, 
tbtoDgie  atoms  of  all  simple  bodies  have  the  same  capacity  for  beat'* 
IhoQg^  we  have  not  yet  said  anything  of  the  relation  of  different 
gM^  or  explained  the  meaning  of  atoms  in  the  chemical  sense,  it 
viD  easily  be  conceived  that  these  are  very  general  and  important  pro- 
poakkntt. 

Ihos  the  science  of  Thermotics,  imperfect  as  it  is,  forms  a  highly- 

iMtmctive  part  of  our  survey ;  and  is  one  of  the  cardinal  points  on 

whidi  the  doors  of  those  chambers  of  physical  knowledge  must  turn 

which  hitherto  have  remained  closed.     For,  on  the  one  hand,  thi» 

wence  is  related  by  strong  analogies  and  dependencies  to  the  most 

complete  portions  of  our  knowledge,  our  mechanical  doctrines  and 

optical  theories ;  and  on  the  other,  it  is  connected  with  properties  and 

laws  of  a  nature  altogether  different, — those  of  chemistry ;  properties 

snd  laws  depending  upon  a  new  system  of  notions  and  relations,  among 

which  clear  and  substantial  general  principles  are  far  more  difficult  to 

lay  hold  o^  and  with  which  the  future  progress  of  human  knowledge 

appears  to  be  far  more  concerned.    To  these  notions  and  relations  we 

most  DOW  proceed ;  but  we  shall  find  an  intermediate  stage,  in  certain 

subjects  which   I  shall  call  the  Mechanko-chemical  Sciences;    viz., 

those  which  have  to  do  with  Magnetism,  Electricity,  and  Galvanism. 


"  Ann.  Chim.  xxxv.  (1827.)  "  lb.  x.  897. 
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THE  MECHANICO-CHEMICAL   SCIENCES. 


flISTORY  OF  ELECTRICITY. 


Pabva  metu  primo  :  mox  8c&c  extollit  in  auras, 
Ingrediturque  solo,  ct  caput  inter  nubila  condit. 

.En.  ir.  17C. 

A  timid  breath  at  first,  a  transient  touch, 
iiow  soon  it  swells  from  little  into  much ! 
Runs  o'er  the  ground,  and  springs  into  the  air, 
And  fills  the  tempest's  gloom,  the  lightning's  glare; 
While  denser  darkness  than  the  central  storm 
CSoDcecils  the  secrets  of  its  inward  form. 


INTRODUCTION. 
Of  the  Mechanico- Chemical  Sciences. 

UNDEIR  the  title  of  Mechanico-Chemical  Sciences,  I  include  the 
laws  of  Magnetism,  Electricity,  Galyanism,  and  the  other  classes 
of  phenomena  closely  related  to  these,  as  Thermo-electricity.  This 
group  of  subjects  forms  a  carious  and  interesting  portion  of  our  phy- 
sical knowledge ;  and  not  the  least  of  the  circumstances  which  give 
them  their  interest,  is  that  double  bearing  upon  mechanical  and  che- 
mical principles,  which  their  name  is  intended  to  imply.  Indeed,  at 
first  sight  they  appear  to  be  purely  Mechanical  Sciences ;  the  attrac- 
tions and  repulsions,  the  pressure  and  motion,  which  occur  in  these 
cases,  are  referrible  to  mechanical  conceptions  and  laws,  as  completely 
as  the  weight  or  fall  of  terrestrial  bodies,  or  the  motion  of  the  moon 
and  planets.  And  if  the  phenomena  of  magnetism  and  electricity  had 
directed  us  only  to  such  laws,  the  corresponding  sciences  must  have 
been  arranged  as  branches  of  mechanics.  But  we  find'  that,  on  the 
other  side,  these  phenomena  have  laws  and  bearings  of  a  kind  alto- 
gether different.  Magnetism  is  associated  with  Electricity  by  its 
mechanical  analogies ;  and,  more  recently,  has  been  discovered  to  be 
still  more  closely  connected  with  it  by  physical  influence ;  electric  is 
identifi-ed  with  galvanic  agency  ;  but  in  galvanism,  decomposition,  or 
s*-)\r\Q  action  of  that  kind,  universally  appeal's ;  and  these  appearances 
lead  to  very  general  laws.  Now  composition  and  decomposition  are 
the  subjects  of  Chemistry ;  and  thus  we  find  that  we  are  insensibly 
but  irresistibly  led  into  the  domain  of  that  science.  The  highest 
generalizations  to  which  we  can  look,  in  advancing  from  the  elemen- 
tary facts  of  electricity  and  galvanism,  must  involve  chemical  notions ; 
we  must  therefore,  in  laying  out  the  platform  of  these  scien^ces,  make 
provision  for  that  convergence  of  mechanical  and  chemical  theory, 
which  they  are  to  exhibit  as  we  ascend. 

We  must  begin,  however,  with  stating  the  mechanical  phenomena 
of  these  sciences,  and  the  reduction  of  such  phenomena  to  laws.  In 
this  point  of  view,  the  phenomena  of  which  we  have  to  speak  are 
those  in  which  bodies  exhibit  attractions  and  repulsions,  peculiarly 
determined  by  their  nature  and  circumstances  ;  as  the  magnet,  and  a 
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piece  of  amber  when  rubbed.     Such  results  are  altogether  d 
from  the  universal  attraction  which,  according  to  Newton's  dis 
prevails  among  all  particles  of  matter,  and  to  which  cosmical 
mena  are  owing.    But  yet  the  diflfereilce  of  these  special  attn 
and  of  cosmical  attraction,  was  at  first  so  far  from  being  reco 
that  the  only  way  in  which  men  could  be  led  to  conceive  or  as 
an  action  of  one  body  upon  another  at  a  distance,  in  cosmica 
was  by  likening  it  to  magnetic  attraction,  as  we  have  seen 
history  of  Physical  Astronomy.     And  we  shall,  in  the  first  pari 
account,  not  dwell  much  upon  the  peculiar  conditions  under 
bodies  are  magnetic  or  electric,  since  these  conditions  are  not 
reducible  to  mechanical  laws;  but,  taking  the  magnetic  or 
character  for  granted,  we  shall  trace  its  effects. 

The  habit  of  considering  magnetic  action  as  the  type  or 
case  of  attractive  and  repulsive  agency,  explains  the  early 
having  spoken  of  Electricity  as  a  kind  of  Magnetism.  Thus  ' 
in  his  book  De  Magnete  (1600),  has  a  chapter,*  Be  coitione  Ma 
primumque  de  Succini  attractione,  sive  vcrius  corporum  ad  St 
applicatione.  The  manner  in  which  he  speaks,  shows  us  how 
rious  the  fact  of  attraction  then  appeared ;  so  that,  as  he  say 
magnet  and  amber  were  called  in  aid  by  philosophers  as  illust 
when  our  sense  is  in  the  dark  in  abstruse  inquiries,  and  when  c 
son  can  go  no  further.  Gilbert  speaks  of  these  phcnoio'jna 
genuine  inductive  philosopher,  reproving'  tliose  who  before  i 
"  stuffed  the  booksellers'  shops  by  copying  from  one  another  i 
gant  stories  concerning  the  attraction  of  magnets  and  amber, ' 
giving  any  reason  from  experiment."  lie  himself  makes  so: 
portant  steps  in  the  subject.  He  distinguishes  magnetic  from 
forces,'  and  is  the  inventor  of  the  latter  name,  derived  from  ^ 
electron^  amber,  lie  observes  rightly,  that  the  electric  force 
all  light  bodies,  while  the  magnetic  force  attracts  iron  only ; 
devises  a  satisfactory  apparatus  by  which  this  is  shown,  lie  g 
considerable  list  of  bodies  which  possess  tlie  electric  property 
only  amber  and  agate  attract  small  bodies,  as  some  think,  but  di 
sapphire,  carbuncle,  opal,  amethyst,  Bristol  gem,  beryl,  erysta 
glass  of  antimony,  spar  of  various  kinds,  sulphur,  mastic,  sealin; 
and  other  substances  which  he  mentions.  Even  his  speculat 
the  general  laws  of  these  phenomena,  though  vague  and  errom 


^  Lib.  ii.  cap.  2.  '  I>e  Magnete,  p.  48.  *  lb.  p.  62.     *  lb. 
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At  that  period  was  unavoidable,  do  bim  no  discredit  wbcn  compared 
with  the  doctrines  of  bis  successors  a  century  and  a  balf  afterwards. 
Eat  lach  speculations  belong  to  a  succeeding  part  of  tbis  bistory. 

In  treating  of  tbcsc  Sciences,  I  will  speak  of  Electricity  in  tbe  first 
1^;  although  it  is  thus  separated  by  the  interposition  of  Magnetism 
ftm  the  succeeding  subjects  (Galvanism,  <S:c.)  with  which  its  alliance 
seems,  at  first  sight,  the  closest,  and  although  some  general  notions  of 
the  laws  of  magnets  were  obtained  at  an  earlier  period- than  a  know- 
Ie(^  of  the  corresponding  relations  of  electric  phenomena :  for  the 
theoiy  of  electric  attraction  and  repulsion  is  somewhat  more  simple 
tlum  of  magnetic ;  was,  in  fact,  the  first  obtained ;  and  was  of  use  in 
nggeatiDg  and  confirniing  the  generalization  of  magnetic  laws. 


CHAPTER  I. 

Discovery  of  Laws  of  Electric  Phenomena. 

TiTE  have  already  seen  what  was  the  state  of  this  branch  of  know- 

^  •  ledge  at  the  beginning  of  the  seventeenth  century",  and  the  advan- 

^^^  made  by  Gilbert.     We  must  now  notice  the  additions  which  it 

.^bseqaently  received,  and  especially  those  which  led  to  the  discovery 

*^*   general  laws,  and  the  establishment  of  the  theory ;  events  of  this 

^Xid  being  those  of  which  we  have  more  peculiarly  to  trace  the  con- 

^^t.ioiis  and  causes.     Among  the  facts  which  wc  have  thus  especially  to 

^t.tend  to,  arc  the  electric  attractions  of  small  bodies  by  amber  and 

^tiller substances  when  rubbed.     Boyle,  who  repeated  and  extended  the 

^^^Jeriments  of  Gilbert,  does  not  appear  to  liave  arrived  at  any  new 

S^ueral  notions ;  but  Otto  Guericke  of  Magdeburg,  about  the  same 

^^tiie,  made  a  very  material  step,  by  discovering  that  there  was  an 

^*^ctric  force  of  repulsion  as  well  as  of  attraction.     lie  found  that 

'^hen  a  globe  of  sulphur  had  attracted  a  feather,  it  afterwards  repelled 

'^^  till  the  feather  had  been  in  contact  with  some  other  body.     This, 

'^lien  verified  under  a  due  generality  of  circumstances,  forms  a  capital 

^actin  our  present  subject.     Hawkcsbee,  who  wrote  in  1709  (Physico- 

^^hnical  Expeinmcnis^)  also  observed  various  of  the  cfi*ects  of  at- 

^^on  and  repulsion  upon  threads  hanging  loosely.     But  the  person 

^^0  appears  to  have  first  fully  seized  the  general  law  of  these  facts,  is 

Vol  IL— 13. 
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Dufay,  whose  experiments  appear  in  the  Memoirs  of  the  f  rcnch  A< 
in  1733,  1734,  and  1737.*     "I  discovered,"  he  says,  "a  very 
principle,  which  accounts  for  a  great  part  of  the  irregularities, 
I  may  use  the  term,  the  caprices  that  seem  to  accompany  most 
experiments  in  electricity.    This  principle  is,  that  electric  bodiei 
all  those  that  are  not  so,  and  repel  them  as  soon  as  they  are 
electric  by  the  vicinity  or  contact  of  the  electric  body.  .  . 
applying  this  principle  to  various  experiments  of  electricity,  i 
will  be  surprised  at  the  number  of  obscure  and  puzzling  facts  t 
clears  up.''     By  the  help  of  this  principle,  he  endeavors  to 
several  of  Hawkesbee's  experiments. 

A  little  anterior  to  Dufay's  experiments  were  those  of  Grey, 
1729,  discovered  the  properties  of  conductors.  He  found  t 
attraction  and  repulsion  which  appear  in  electric  bodies  arc  ea 
also  by  other  bodies  in  contact  with  the  electric.  In  this  man 
found  that  an  ivory  ball,  connected  with  a  glass  tube  by  a  stick, 
or  a  packthread,  attracted  and  repelled  a  feather,  as  the  glas 
would  have  done.  lie  was  then  led  to  try  to  extend  this  conimui 
to  considerable  distances,  first  by  ascending  to  an  upper  wind 
hanging  down  his  ball,  and,  afterwards,  by  carrying  the  string  1 
tally  supported  on  loops.  As  his  success  was  complete  in  the 
case, he  was  perplexed  by  failure  in  the  latter;  but  when  he  su; 
the  string  by  loops  of  silk  instead  of  hempen  cords,  he  found  : 
become  a  conductor  of  electricity.  This  he  ascribed  at  first 
smaller  thickness  of  the  silk,  which  did  not  carry  off  so  much 
electric  virtue ;  but  from  this  explanation  he  was  again  drr 
finding  that  wires  of  brass  still  thinner  than  the  silk  destro; 
efibct.  Thus  Grey  perceived  that  the  efficacy  of  the  support  dc 
on  its  being  silk,  and  he  soon  found  other  substances  which  ai 
the  same  purpose.  The  difference,  in  fact,  depended  on  the  sup 
substance  being  electric,  and  therefore  not  itself  a  conductor 
soon  appeared  from  such  experiments,  and  especially^  from  thoj 
by  Dufay,  that  substances  might  be  dinded  into  electrics  per 
non-electrics,  or  conductors.  These  terms  were  introduced  by  ] 
Hers,*  and  gave  a  permanent  currency  to  the  results  of  the  la 
Grey  and  others. 

Another  very  important  discovery  belonging  to  this  perio'd 


*  Priestley's  Hittory  of  Uleetriciti/,  p.  45,  and  the  Memoirs  quoted. 
■  Jfcnu  Aead.  Par,  1734.  '  Pricjftley,  p.  66. 
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^  the  two  kinds  of  electricity.      Tliis  also  was   made   by  Dufay. 
*  Chance,"  says  he,  "has  thrown  in  my  way  another  principle  more 
''lUFersd  and  remarkable  than  the  preceding  one,  and  which  casts  a 
nev  light  upon  the  subject  of  electricity.     The  principle  is,  that  there 
*i^  two  distinct  kinds  of  electricity,  very  different  from  one  another ; 
OTi«  of  which  I  call  vitreous,  the  other  resinous,  electricity.      The  first 
IS  that  of  glass,  gems,  hair,  wool,  <fcc. ;  the  second  is  that  of  amber, 
g"iajn-lac,  silk,  &c.     The  characteristic  of  these  two  electricities  is,  that 
ttxej  repel  themselves  and  attract  each  other."     This  discovery  does 
not,  however,  appear  to  have  drawn  so  much  attention  as  it  deserved. 
It;   was  published  in  1735 ;  (in  the  Memoirs  of  the  Academy /or  1733  ;) 
a^Ki-d  yet  in  1747,  Franklin  and  his  friends  at  Philadelphia,  who  had 
4>^€n  supplied  with  electrical  apparatus  and  information  by  persons  in 
^E-ngland  well  acquainted  with  the  then  present  state  of  the  subject, 
inaagined  that  they  were  making  observations  unknown  to  European 
KCiience,  when  they  were  led  to  a<»st'rt  two  conditions  of  bodies,  which 
"wrcrein  fact  the  opposite  electricities  of  Dufay,  though  the  American 
ojcperimenters  referred  them  to  a  sincxle  element,  of  which  electrized 
Ixxlies  might  have  either  excess  or  defect.     "  Hence,"   Franklin  says, 
**  lave  arisen  some  new  terms  among  us :  we  say  I>,"  who  receives  a 
«3parkfrom  glass,  "and  bodies  in  like  circumstances,  is  electrized  poai- 
ti.T?iiy\  A,"  who  communicates  liis  electricity  to  glass,  ^^  nefjativelt/ ; 
OT  rather  B  is  electrized  plus,  A  rninus^      Dr.  (afterwards  Sir  Wil- 
liam) Watson  had,  about  the  same  time,  arrived  at  the  same  conclu- 
sions, which  he  expresses  by  saying  that  the  electricity  of  A  was  jnore 
'rart^  and  that  of  13  more  dense,  tlian  it  naturally  would  have  been.* 
■^^tthat  which  gave  the  main  importance  to  this  doctrine  was  its  appli- 
^'-ation  to  some  remarkable  experiments,  of  which  we  nnist  now  speak. 
Electric  action  is  accompanied,  in  many  cases,  by  light  and  a  crack- 
"•Jg  sound.     Otto  Guerickc*  observes  that  hissulphur-globo,  \\hen  rub- . 
"^  in  a  dark  place,  gave  faint  flashes,  such  as  take  place  when  sug;n 
^^cnished.     And  shortly  after,  a  light  was  obs<M'vod  at  tlic  surface  of 
we  mercury  in  the  barometer,  when  shaken,  which  was  explained  at 
first  by  Bernoulli,  on  tlie  then   prevalent  Cartesian  principles ;   but, 
^rwards,  more  truly  by  llawkesbee,  as  an  electrical  plienoinonon. 
^^"j  in  1708,  found  sparks  produced  by  rubbing  amber,  and  Jlawkes- 
WJC  observed  the  light  and  the  snapping,  as  he  calls  it,  under  various 
modifications.      But  the  electric  spark  from  a  living  body,  which,  as 


*  Priestley,  p.  115.         *  Exptrimenta  Magdeburgica,  1G72,  lib.  iv.  cap.  15. 
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Priestley  says,*  "  makes  a  principal  part  oi  the  diversion  of  gentlemen 
and  ladies  who  come  to  see  experiments  in  electricity,"  was  first  observed 
by  Dufay  and  the  Abbe  NoUet  Nollct  says'  he  ^^  shall  never  forget 
the  surprise  which  the  first  electric  spark  ever  drawn  from  the  hunuui 
body  excited,  both  in  M.  Dufay  and  in  himself."  The  drawing  of  a  spark 
from  the  human  body  was  practised  in  various  forms,  one  of  which 
was  familiarly  known  as  the  ^^  electrical  kiss."  Other  exhibitions  of 
electrical  light  were  the  electrical  star,  electrical  rain,  and  the  like. 

As  electricians  determined  more  exactly  the  conditions  of  electrical 
action,  they  succeeded  in  rendering  more  intense  those  sudden  actiona 
which  the  spark  accompanies,  and  thus  produced  the  electric  shock 
This  was  especially  done  in  the  Leyden  phial.  This  apparatus  r^ 
ceived  its  name,  while  the  discovery  of  its  property  was  attributed  to 
Cuna^us,  a  native  of  Leyden,  who,  in  1 746,  handling  a  vessel  contain- 
ing water  in  conununication  with  the  electrical  machine,  and  happen- 
ing thus  to  bring  the  inside  and  the  outside  into  connexion,  received  a 
sudden  shock  in  his  arms  and  breast.  It  appears,  however,'  that  a 
shock  had  been  received  under  nearly  the  same  circumstances  in 
1746,  by  Von  Kleist,  a  German  prelate,  at  Camin,  in  Pomerania. 
The  strangeness  of  this  occurrence,  and  the  suddenness  of  the  blow^ 
much  exaggerated  the  estimate  which  men  fonncd  of  its  force.  Mus- 
chenbroek,  after  taking  one  shock,  declared  he  would  not  take  a 
second  for  the  kingdom  of  France ;  though  Boze,  with  a  more  mag- 
nanimous spirit,  wished*  that  he  might  die  by  such  a  stroke,  and 
have  the  circumstances  of  the  experiment  recorded  in  the  Memoirs  of 
the  Academy.  But  we  may  easily  imagine  what  a  new  fame  and 
interest  this  discovery  gave  to  the  subject  of  electricity.  It  was  re* 
peated  in  all  parts  of  the  world,  with  various  modifications :  and  the 
shock  was  passed  through  a  line  of  several  persons  holding  hands; 
Nollet,  in  the  presence  of  the  king  of  France,  sent  it  through  a  circle 
of  180  men  of  the  guards,  and  along  a  line  of  men  and  wires  of  900 
toises ;"  and  experiments  of  the  same  kind  were  made  in  England, 
principally  under  the  direction  of  Watson,  on  a  scale  so  large  as  to 
excite  the  admiration  of  Muschenbroek ;  who  says,  in  a  letter  to  Wat- 
son, "  Magnificentissimis  tuis  experimcntis  supcrasti  conatus  omnium." 
The  result  was,  that  the  transmission  of  electricity  through  a  length 
of  12,000  feet  was,  to  sense,  instantaneous. 


•  P.  p.  47.        '  Priestley,  p.  47.    Nollet,  Zegont  de  Phytique,  vol  yL  p.  408 

•  Fischer,  v.  490.  •  Fischer,  p  84.  "  Ibid.  v.  612. 
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The  eoential  circninstanccft  of  the  electric  shock  were  gr&iually 
anrifelled.  Watson  found  that  it  did  not  increase  in  proportioi: 
either  to  the  contents  of  the  phial  or  the  size  of  the  globe  by  which 
the  dectricitj  was  excited ;  that  the  outside  coating  of  the  glass 
(vhich,  in  the  first  form  of  the  experiment,  was  only  a  film  of  water), 
and  its  contents,  might  be  varied  in  different  ways.  To  Franklin  is 
doe  the  merit  of  clearly  pointing  out  most  of  the  circumstances  on 
which  the  eflScacy  of  the  Leyden  phial  depends.  lie  showed,  in 
174?  "  that  the  inside  of  the  bottle  is  electrized  positively,  the  outside 
negatiydy ;  and  that  the  shock  is  produced  by  the  restoration  of  the 
etjoifalMiam,  when  the  outside  and  inside  arc  brought  into  communi- 
eatioB  soddenly.  But  in  order  to  complete  this  discover}',  it  rcmaineil 
to  be  shown  that  the  electric  matter  was  collected  entirely  at  the  snr- 
fitce  of  the  glass,  and  that  the  opposite  electricities  on  the  two  oppo- 
ate  tides  of  the  glass  were  accumulated  by  their  mutual  attraction. 
MoDnier  the  younger  discovered  that  the  electricity  which  bodies  can 
receive,  depends  upon  their  surface  rather  than  their  mas?,  and  Frank- 
lin" 80on  found  that  "  the  whole  force  of  the  bottle,  and  |K)wcr  of 
gi^Dg  a  shock,  is  in  the  glass  itself.''  This  they  proved  by  decanting 
the  water  out  of  an  electrized  into  another  bottle,  when  it  appeared 
that  the  second  bottle  did  not  become  electric^  but  the  lirst  remained 
w-  TTius  it  was  found  "  tliat  the  non-electrics,  in  contact  with  the 
plasR,  served  only  to  unite  the  force  of  the  several  parts." 

So  far  as  the  effect  of  the  coating  of  the  Leyden  phial  is  concerned, 
tliiiwas  satisfactory  and  complete :  but  Franklin  was  not  equally  suc- 
*^<^  in  tracing  the  action  of  the  electric  matter  upon  itself,  in 
virtue  of  which  it  is  accumulatc<l  in  the  phial ;  indeed,  he  appears  to 
have  ttcribed  the  effect  to  some  property  of  the  glass.  The  mode  of 
describing  this  action  varied,  accordingly  as  two  electric  fluids  were 
supposed  (with  Dufay,)  or  one,  which  was  the  view  taken  by  Franklin. 
On  this  latter  supposition  the  parts  of  the  electric  fluid  repel  each 
'>thiT,  and  the  excess  in  one  surface  of  the  glass  expels  the  fluid  from 
the  other  surface.  Tliis  kind  of  action,  however,  came  into  much 
clearer  view  in  the  experiments  of  Canton,  Wilcke,  and  ^pinns.  It 
^*8  principally  manifested  in  the  attractions  and  repulsions  which 
objects  exert  when  they  arc  in  the  neighborhood  of  electrized  bodies ; 
or  in  the  electrical  atmosphere^  using  the  phraseology  of  the  time.  At 
present  we  say  tliat  bodies  arc  electrized  hy  induction,  when  they  arc 

"  LetUrt^,  p  13.  »  LelterB,  iv.  Sect  16. 
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thus  made  electric  by  the  electric  attraction  and  repulsion  of  otb 
bodies.  Cantons  experiments  were  communicated  to  the  Roj 
Society  in  1753,  and  show  that  the  electricity  on  each  body  ac 
upon  the  electricity  of  another  body,  at  a  distance,  with  a  repulsi* 
energy.  Wilcke,  in  like  manner,  showed  that  parts  of  non-electark 
plunged  in  electric  atmospheres,  acquire  an  electricity  opposite  to  ill 
of  such  atmospheres.  And  -^pinus  devised  a  method  of  examinii 
the  nature  of  the  electricity  at  any  part  of  ue  surface  of  a  body,  I 
means  of  which  he  ascertained  its  distribution,  and  found  that 
agreed  with  such  a  law  of  self-repulsion.  His  attempt  to  give  math* 
matical  precision  to  this  induction  was  one  of  the  most  importai 
steps  towards  electrical  theory,  and  must  be  spoken  of  shortly,  in  thi 
point  of  view.  But  in  the  mean  time  we  may  observe,  that  th 
doctrine  was  applied  to  the  explanation  of  the  Leyden  jar ;  and  tt 
explanation  was  confirmed  by  charging  a  plate  of  air,  and  obtaining 
shock  from  it,  in  a  manner  which  the  theory  pointed  out. 

Before  we  proceed  to  the  history  of  the  theory,  we  must  mentk 
some  other  of  the  laws  of  phenomena  which  were  noticed,  and  whic 
theory  was  expected  to  explain.  Among  the  most  celebrated  < 
these,  were  the  effect  of  sharp  points  in  conductors,  and  the  ph 
nomena  of  electricity  in  the  atmosphere.  The  former  of  the 
circumstances  was  one  of  the  first  which  Franklin  observed  as  rcmar 
able.  It  was  found  that  the  points  of  needles  and  the  like  throw  c 
and  draw  off  the  electric  virtue ;  thus  a  bodkin,  directed  towards  < 
electrized  ball,  at  six  or  eight  inches' distance, 'destroyed  its  elect] 
action.  The  latter  subject,  involving  the  consideration  of  thunder  ai 
lightning,  and  of  many  other  meteorological  phenomena,  excited  grc 
interest.  The  comparison  of  the  electric  spark  to  lightning  had  ve 
early  been  made ;  but  it  was  only  when  the  discharge  had  be 
rendered  more  powerful  in  the  Leyden  jar,  that  the  comparison  oft' 
effects  became  very  plausible.  Franklin,  about  1750,  had  offered 
few  somewhat  vague  conjectures**  respecting  the  existence  of  el< 
tricity  in. the  clouds  ;  but  it  was  not  till  Wilcke  and  ^Epinus  had  c 
tained  clear  notions  of  the  effect  of  electric  matter  at  a  distance,  tfa 
the  real  condition  of  the  clouds  could  be  well  understood.  In  17 1 
however,"  D'Alibard,  and  other  French  philosophers,  were  desirous* 
verifying  Franklin's  conjecture  of  the  analogy  of  thunder  and  ell 
tricity.     This  they  did  by  erecting  a  pointed  iron  rod,  forty  feet  hig 


»  Letter  v.  "  Franklin,  p.  107. 
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at  Marii :  the  rod  was  found  capable  of  giving  out  electrical  sparks 

when  a  thunder-cloud  passed  over  the  place.    This  was  repeated  in 

various  parts  of  Europe,  and  Franklin  suggested  that  a  communication 

with  the  clouds  might  be  formed  by  means  of  a  liite.     By  these,  and 

similar  means,    the    electricity  of  the    atmosphere  was  studied  by 

CacntoD  in  England,  Mazeas  in  France,  Beccaria  in  Italy,  and  others 

elsewhere.     These  essays  soon  led  to  a  fatal  accident,  the  death  of 

Richman  at  Petersburg,  while  he  was,  on  Aug.  6th,  1753,  observing 

tJie  electricity  collected  from  an  approaching  thunder-cloud,  by  means 

of  a  rod  which  he  called  an  electrical  gnomon  :  a  globe  of  blue  fire 

was  seen  to  leap  from  the  rod  to  the  head  of  the  unfortunate  professor, 

who  was  thus  struck  dead. 

[2nd  Ed.]     [As  an  important  application  of  the  doctrines  of  eleo 
tricity,  I  may  mention  the  contrivances  employed  to  protect  ships  from 
the  effects  of  lightning.     The  use  of  conductors  in  such  cases  is  at- 
tended with  peculiar  difficulties.     In  1780  the  French  began  to  turn 
their  attention  to  this  subject^  and  Le  Roi  was  sent  to  Brest  and  the 
vaiions  sea-ports    of  France  for   that  purpose.     Chains  temporarily 
applied  in  the  rigging  had  been  previously  suggested,  but  he  endea- 
vored to  place,  he  says,  such  conductoi*s  in  sliips  as  might  be  fixed  and 
durable.    lie  devised  certain  long  linked  rods,  which  led  from  a  point 
in  the  mast-head  along  a  part  of  the  rigging,  or  in  divided  stages  along 
^c  mast%  and  were  tioced  to  plates  of  metal  in  tlie  ship's  sides  com- 
municating with  the  sea.     But  these  were  either  unable  to  stand  the 
working  of  the  rigging,  or  otherwise  inconvenient,  and  were  finally 
abandoned.'* 

The  conductor  commonly  used  in  the  English  Navy,  till  recently, 
consisted  of  a  flexible  copper  chain,  tied,  when  occasion  required,  to' 
the  mast-head,  and  reaching  down  into  the  sea ;  a  contrivance  recom- 
mended by  Dr.  Watson  in  1 762.  But  notwithstanding  this  precaution, 
^e  shipping  suffered  greatly  from  the  effects  of  lightning. 

Mr.  Snow  Harris  (now  Sir  William  Snow  Harris),  whose  electrical 
labors  are  noticed  above,  proposed  to  the  Admiralty,  in  1820,  a  plan 
^hich  combined  the  conditions  of  ship-conductors,  so  desirable,  yet  so 
difficiilt  to  secure  : — namely,  that  they  should  be  permanently  fixed, 
^^  sufficiently  large,  and  yet  should  in  no  way  interfere  with  the 
motion  of  the  rigging,  or  with  the  sliding  masts.  The  method  which 
"^  proposed  was  to  make  the  masts  themselves  conductors  of  electricity. 


"*  See  Le  Roi's  Memoir  in  the  Hist.  Acad.  Sc.  for  1790. 
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by  incorporating  with  them,  in  a  peculiar  way,  two  laminie  of  sheet — . 
copper,  uniting  these  with  tlie  metallic  masses  :oi  tlic  hull  Ly  otlic^ 
lamina?,  and  giving  the  whole  a  free  communication  with  tlie  sca.^ 
This  method  was  tried  experimentally,  both  on  models  and  to  a  lai^^-i 
extent  in  the  navy  itself;  and  a  Commission  appointed  to  examine  th».« 
result  reported  themselves  -highly  satisfied  with  Mr.  Harris's  plan,  an^.^ 
strongly  recommended  that  it  should  be  fully  carried  out  in  the  Navy.*^* 

It  is  not  here  necessary  to  trace  the  study  of  atmospheric  clectricitJhj 
any  further :  and  we  must  now  endeavor  to  see  how  these  phenomeocs 
and  laws  of  phenomena  which  we  have  related,  were  worked  up  mfM'M 
consistent  theories;  for  though  many  experimental  observations  aiws 
measures  were  made  after  this  time,  they  were  guided  by  the  theor^-^ 
and  may  be  considered  as  having  rather  discharged  the  office  of  cow^ 
firming  than  of  suggesting  it. 

We  may  observe  also  that  we  have  now  described  tlio  period  •> 
most  extensive  activity  and  interest  in  electrical  researches.    Thes^ 
naturally  occurred  while  the  general  notions  and  laws  of  the  phen*'  -■ 
mena  were  becoming,  and  were  not  yet  become,  fixed  and  clear.    .^S 
such  a  period,  a  large  and  popular  circle  of  spectators  and  amateur  — 
feel  themselves  nearly  upon  a  level,  in  the  value  of  their  trials  an^^ 
speculations,  with  more  profound  thinkers :  at  a  later  period,  when  tt^^ 
subject  is  become  a  science,  that  is,  a  study  in  which  all  must  be  ler:::^ 
far  behind  who  do  not  come  to  it  with  disciplined,  informed,  and  \g^^^ 
cal  minds,  the  cultivators  arc  far  more  few,  and  the  shout  of  applaus^-^ 
less  tumultuous  and  less  loud.     We  may  add,  too,  that  the  experimenters 
which  are  the  most  striking  to  the  senses,  lose  much  of  their  impre^^ 
siveness  with  tlicir  novelty.     Electricity,  to  be  now  studied  rightly^ 
must  be  reasoned  upon  mathematically ;  how  slowly  such  a  mode  o€ 
study  makes  its  way,  we  shall  see  in  the  progress  of  the  theory,  which 
we  must  now  proceed  to  narrate. 

[2nd  Ed.]  [A  new  mode  of  producing  clectncity  has  excited  much 
notice  lately.  In  October,  1840,  one  of  the  w^orkmcn  in  attendance 
upon  a  boiler  belonging  to  the  Newcastle  and  Durham  Railway, 
reported  that  the  boiler  was  full  of  fire  ;  the  fact  being,  that  when  he 
placed  his  hand  near  it  an  electrical  spark  was  given  out.  This  drew 
the  attention  of  Mr.  Armstrong  and  Mr.  Pattinson,  who  made  the  cir- 
cumstance publicly  known."     Mr.  Armstrong  pursued  the  investigation 


*  See  Mr.  Snow  Harris  8  paper  in  Phil,  Mag.  March,  IS-il. 
•»  Phil.  Mag.  Oct  1840. 
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^th  great  zeal,  and  after  various  conjectitres  was  able  to  announce" 
tkat  the  electricity  was  excited  at  the  point  where  the  steain  is  subject 
to  friction  in  its  emission.     He  found  too  that  he  could  produce  a  like 
effect  by  the  emission  of  condensed  air.    Following  out  his  views,  he 
was  able  to  construct,  for  the  Polytechnic  Institution  in  London,  a 
*'  Hydro-electric  Machine,"  of  greater  power  than  any  electrical  machine 
previously  made.    Dr.  Faraday  took  up  the  investigation  as  the  subject 
of  the  Eighteenth  Series  of  his  Researches^  sent  to  the  Royal  Socict}-, 
Jan.  26,  1842  ;  and  in  this  he  illustrated,  with  his  usual  command  of 
.  copioas  and  luminous  experiments,  a  like  view ; — that  the  electricity  is 
produced  by  the  friction  of  the  particles  of  the  water  carried  along  by 
the  stream.    And  thus  this  is  a  new  manifestation  of  tliat  electricity, 
which,  to  distinguish  it  from  voltaic  electricity,  is  sometimes  called 
FVictim  Electricity  or  Machine  Electricittj.     Dr.  Faraday  has,  however, 
in  tlie  course  of  this  investigation,  brought  to  light  several  new  electri- 
cal relations  of  bodies.] 


GIIAITER  II. 

The  Progress  of  Electrical  Theory. 

»T^HE  cause  of  electrical  phenomena,  and  the  mode  of  its  operation, 

were  naturally  at  first  spoken  of  in  an  indistinct  and  wavering 

'banner.   It  was  called  the  electric  fire^  the  electric  Jluid  ;  its  cfFects 

^^tre attributed  to  virtues,  effluvia,  atmospheres.     When  men's  mcclian- 

'^'Ai  ideas  became  somewhat  more  distinct,  the  motions  and  tendencies 

^motion  were  ascribed  to  currents,  in  the  same  manner  as  the  cosmi- 

'^  motions  had  been  in  the  Cartesian  system.     This   doctrine   of 

currents  was  maintained  by  Nollet,  who  ascribed  all  the  plienomcna  of 

electrized  bodies  to  the  contemporaneous  afflux  and  efflux  of  electrical 

niitter.    It  was  an  important  step  towards  sound  theory,  to  got  rid  of 

this  notion  of  moving  fluids,  and  to  consider  attraction  and  repulsion  as 

statical  forces ;  and  this  appears  to  have  been  done  by  others  about 

toe  same  time.     Dufay*  considered  that  he  had  proved  tlie  existence 

of  two  electricities,  the  vitreous  and  the  resinous,  and  conceived  each 


'  Phil.  Mag.  Jan.  1842,  dated  Dec  9,  1841.  *  Ac.  Par.  1733,  p.  407. 
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of  these  to  be  a  f  3pc]led  its  own  parts  and  attracted  tli 

of  the  other :  this  is,  in  fact^  the  outline  of  the  theory  which  recei 
has  been  considered  as  the  best  established ;  but  from  various  cause 
was  not  at  once,  or  at  least-  not  generally  adopted.  The  hypothi 
of  the  excess  and  defect  of  a  single  fluid  is  capable  of  being  so  tret 
as  to  give  the  same  results  with  the  hypothesis,  of  two  opposite  flui 
and  happened  to  obtain  the  preference  for  some  time.  Wc  hi 
already  seen  that  this  hypothesis,  according  to  which  electric  phe^ 
mena  arose  from  the  excess  and  defect  of  a  generally  diffused  fk 
suggested  itself  to  Watson  and  Franklin  about  1747.  Watson  fov 
that  when  an  electric  body  was  excited,  the  electricity  was  not  creat 
but  collected ;  and  Franklin  held,  that  when  the  Leydcn  jar  i 
charged,  the  quantity  of  electricity  was  unaltered,  though  its  distri) 
tion  was  changed.  Symraer*  maintained  the  existence  of  two  fluk 
and  Cigna  supplied  the  main  defect  which  belonged  to  this  tenel 
the  way  in  which  Dufay  held  it,  by  showing  that  the  two  oppofl 
electricities  were  usually  produced  at  the  same  time.  Still  the  ap] 
rent  simplicity  of  the  hypothesis  of  one  fluid  procured  it  many  suppo 
ers.  It  was  that  which  Franklin  adopted,  in  his  explanation  of  1 
Leydcn  experiment;  and  though  after  the  first  conception  of 
electrical  charge  as  a  disturbance  of  equilibrium,  there  was  nothing 
the  development  or  details  of  PVanklin's  views  which  deserved  to  i 
for  them  any  peculiar  authority,  liis  reputation,  and  his  skill  afl 
writer,  gave  a  considerable  influence  to  his  opinions.  Indeed,  fo3 
time  he  was  considered,  over  a  large  part  of  Europe,  as  the  creator 
the  science,  and  the  terms'  Franklinkm,  Franklinist,  FranklinianM 
tem^  occur  in  almost  every  page  of  continental  publications  on  the  s^ 
ject.  Yet  the  electrical  phenomena  to  the  knowledge  of  wk 
Franklin  added  least,  those  of  induction,  were  those  by  which  the  p 
gress  of  the  theory  was  most  promoted.  These,  as  we  have  alrea 
said,  were  at  fii"st  explained  by  the  hypothesis  of  electrical  atmosphei 
Lord  Mahon  wrote  a  treatise,  in  which  this  hypothesis  was  mather 
tically  treated ;  yet  the  hypothesis  was  very  untenable,  for  it  w<M 
not  account  for  the  most  obvious  cases  of  induction,  such  as  the  Leyc 
jar,  except  the  atmosphere  was  supposed  to  penetrate  glass. 

llie  phenomena  of  electricity  by  induction,  when  fairly  considei 
by  a  person  of  clear  notions  of  the  relations  of  space  and  force,  w< 
seen  to  accommodate  themselves  very  generally  to  the  concept! 


«  Phil  Trant,  1759.  '  Priestley,  p.  160. 
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ortrodaced  by  Dufay  ;*  of  two  electricities  each  repelling  itself  and 
Attracting  the  other.     If  we  suppose  that  there  is  only  one  fluid, 
wJlii'ch  repels  itself  and  attracts  all  other  matter,  we  obtain,  in  many 
cases,  the  same  general  results  as  if  wo  suppose  two  fluids ;  thus,  if  an 
electrized  body,  overcharged  with  the  single  fluids  act  upon  a  ball,  it 
cWres  the  electric  fluid  in  the  ball  to  the  further  side  by  its  repulsion, 
and  then  attracts  the  ball  by  attracting  the  matter  of  the  ball  more 
than  it  repels  the  fluid  which  is  upon  the  ball.     If  we  suppose  two 
fluids,  the  positively  electrized  body  draws  the  negative  fluid  to  the 
nearer  side  of  the  ball,  repels  the  positive  fluid  to  the  opposite  side, 
A&d  attracts  the  ball  on  the  whole,  because  the  attracted  fluid  is  nearer 
than  that  which  is  repelled.     The  verification  of  cither  of  these  hypo- 
theses, and  the  detcnnination  of  their  details,  depended  necessarily 
upon  experiment  and  calculation.     It  was  under  the  hypothesis  of  a 
single  fluid  that  this  trial  was  first  properly  made,     -^pinus  of  Peters- 
barg  published,  in  1759,  his  Teniamen  Theorice  Electricitatis  et  Mag- 
netismi ;  in  which  he  traces  mathematically  the  consequences  of  the 
hypothesis  of  an  electric  fluid,  attracting  all  other  matter,  but  repel- 
ling itself;  the  law  of  force  of  this  repulsion  and  attraction  he  did 
not  pretend  to  assign  precisely,  confining  himself  to  the  supposition 
tital  the  mutual  force  of  the  particles  incrcfuses  as  the  distance  de- 
^r^ases.    But  it  was  found,  that  in  order  to  make  tliis  theory  tcna- 
l>lci,  an  additional   supposition   was  rcqiiirc«l,  namely,  that  the  par- 
t.ioles  of  bodies  repel  each  other  as  much  as  they  attract  the  elec- 
ta"! c  fluid.*     For  if  two  bodies,  A  and  13,  be  in  their  natural  electri- 
^^-l  condition,  they  neither  attract  nor  repel  each  other.     Now,  in  this 
e^Lse,  the  fluid  in  A  attracts  the  matter  in  B  and  rej)els  tlie  fluid  in  B 
^^  ith  equal  energy,  and  thus  no  tendency  to  motion  results  from*  the 
^ •-I id  in  A;  and  if  we  further  suppose  that  the  matter  in  A  attra*.ts 
tine  fluid  in  B  and  repels  the  matter  in  B  with  equal  energy,  we  have 
^«e  resulting  mutual  inactivity  of  the  two  bodies  explained  ;  but  with 
^^t  the  latter  supposition,  there  would  be  a  mutual  attraction  :  or  we 
^'^^y  pat  the  truth  more  simply  thus;  two  negatively  electrized  bodies 
^^1  each  other ;  if  negative  electrization  were  merely  the  abstraction 
of  the  fluid  which  is  the  repulsive  element,  this  result  could  not  follow 
^^pt  there  were  a  repulsion  in  the  bodies  themselves,  independent 
« the  fluid.     And  thus  -^pinus  found  himself  compelled  to  assume 
""•mntual  repulsion  of  material  particles;  he  had,  in  fact,  the  a'.ter- 


*  Mem.  A,  P,  1703,  p.  4«7.  •  Rohison,  vol.  iv.  p.  18, 
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native  of  this  supposition,  or  that  of  two  fluids,  to  chooso  bctwoen,  ^ 
the  mathematical  results  of  both  hypotheses  are  the  same.  Wilcke! 
Swede,  who  had  at  first  asserted  and  worked  out  ^he  ^pinian  thao 
in  its  original  form,  afterwards  inclined  to  the  opinion  of  Sjmnii 
and  Coulomb,  when,  at  a  later  period,  he  confirmed  the  theory  by  1 
experiments  and  determined  the  law  of  force,  did  not  hesitate  to  p 
fer*  the  theory  of  two  fluids,  "because,"  he  says,  "it  appears  to  3 
contradictory  to  admit  at  the  same  time,  in  the  particles  of  bodie% 
attractive  force  in  the  inverse  ratio  of  the  squares  of  the  distant 
which  is  demonstrated  by  universal  gravitation,  and  a  repulsive  fbi 
in  the  same  inverse  ratio  of  the  squares  of  the  distances;  a  fm 
which  would  necessarily  be  infinitely  great  relatively  to  the  actiooi 
gravitation."  We  may  add,  that  by  forcing  us  upon  this  doctrina 
the  universal  repulsion  of  matter,  the  theory  of  a  single  fluid  ae^ 
quite  to  lose  that  superiority  in  the  way  of  simplicity  which  had  < 
ginally  been  its  principal  recommendation. 

The  mathematical  results  of  the  supposition  of  .^inus,  which  4 
as  Coulomb  observes,'  the  same  as  of  that  of  the  two  fluids,  ^$9 
traced  by  the  author  himself,  in  the  work  referred  to,  and  showov 
agree,  in  a  great  number  of  cases,  with  the  observed  facts  of  electri 
induction,  attraction,  and  repulsion.  Apparently  this  work  did  ■ 
make  its  way  very  rapidly  through  Europe ;  for  in  l77l,  Henry  ^ 
vendish  stated*  the  same  hypothesis  in  a  paper  read  before  the  Rc^ 
Society  ;  which  he  prefaces  by  saying,  "Since  I  first  wrote  the  folW 
ing  paper,  I  find  that  this  way  of  accounting  for  the  phenomena 
electricity  is  not  new.  ^pinus,  in  his  Tentanien  TheoricB  Electricity 
et  Magnetismi^  has  made  use  of  the  same,  or  nearly  the  same  hypo^ 
Bis  tdat  I  have ;  and  the  conclusions  he  draws  from  it  agree  neB 
with  mine  as  far  as  he  goes." 

The  confirmation  of  the  theory  was,  of  course,  to  be  found  in  1 
agreement  of  its  results  with  experiment ;  and  in  particular,  in  1 
facts  of  electrical  induction,  attraction,  and  repulsion,  which  sugge^ 
the  theory,  ^pinus  showed  that  such  a  confirmation  appeared  i* 
number  of  the  most  obvious  cases ;  and  to  these.  Cavendish  ad^ 
others,  which,  though  not  obvious,  were  of  such  a  nature  that  ^ 
calculations,  in  general  difficult  or  impossible,  could  in  these  instai* 
be  easily  perfonned ;  as,  for  example,  cases  in  which  there  are  pi* 
or  globes  at  the  two  extremities  of  a  long  wire.     In  all  these  casoft* 

.     •  Mem.  Ac.  P.  1788,  p.  671.  '  Ac  P.  1788,  p.  67^ 
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electrical  action  the  theory  was  jostified.    But  in  order  to  give  it  full 
confirmation,  it  was  to  be  considered  whether  any  other  facts,  not  im- 
mediately assumed  in  the  foundation  of  the  theory,  were  explained  by 
it;  a  circumstance  which,  as  we  have  seen,  gave  the  final  stamp  of 
trath  to  the  theories  of  astronomy  and  optics.     Xow  we  appear  to 
bare  such  confirmation,  in  the  eflfcct  of  points,  and  in  the  pheno- 
mena of  the  electrical  discharge.     The  theory  of  neither  of  these  was 
folly  understood  by  Cavendish,  but  he  made  an  approach  to  the  true 
new  of  them.     If  one  part  of  a  conducting  body  be  a  sphere  of 
snail  radius,  the  electric  fluid  upon  the  surface  of  this  sphere  will,  it 
I4)peai8  by  calculation,  be  more  dense,  and  tend  to  escape  more  ener- 
getically,  in  proportion  as  the  radius  of  the  sphere  is  smaller ;  and, 
therefore^  if  we  consider  a  point  as  part  of  the  surface  of  a  sphere  of 
imperceptible  radius,  it  follows  from  the  theory  that  the  effort  of  the 
fioid  to  escape  at  that  place  will  be  enormous ;  so  that  it  may  easily 
he  Bopposed  to  overcome  the  resisting  causes.     And  the  discharge  may 
he  explained  in  nearly  the  same  manner;  for  when  a  conductor  is 
hroaght  nearer  and  nearer  to  an  electrized  body,  the  opposite  electri- 
city is  more  and  more  accumulated  by  attraction  on  the  side  next  to 
the  electrized  body ;  its  tension  becomes  greater  by  the  increase  of  its 
qujoitity  and  the  diminution  of  the  distance,  and  at  last  it  is  too  strong 
to  be  contained,  and  leaps  out  in  the  form  of  a  spark. 

The  light,  sound,  and  mechanical  effects  produced  by  the  electric 
<iisscharge,  made  the  electric  fluid  to  be  not  merely  considered  as  a 
**iathematical  hypothesis,  useful  for  reducing  phenomena  to  formula? 
C^*i  for  a  long  time  the  magnetic  fluid  was),  but  caused  it  to  be  at  once 
^^Tid  universally  accepted  as  a  physical  reality,  of  which  we  learn  the 
*^xistence  by  the  common  use  of  the  senses,  and  of  which  measures 
und  calculations  are  only  wanted  to  teach  us  the  laws. 

The  applications  of  the  theory  of  electricity  which  I  have  princi- 
P^ly  considered  above,  are  those  which  belong  to  conductors,  in  which 
^he  electric  fluid  is  perfectly  moveable,  and  can  take  that  distribution 
^liich  the  forces  require.     In  non-conducting  or  electric  l>odies,  the 
conditions  to  which  the  fluid  is  subject  are  less  easy  to  (letcrniine  ;  but 
^y  supposing  that  the  fluid  moves  with  great  difficulty  among  the  par- 
ades of  such  bodies, — that  nevertheless  it  may  be  dislodged  and  accu- 
n^ulated  in  parts  of  the  surface  of  such  bodies,  by  friction  and  other 
anodes  of  excitement ;  and  that  the  earth  is  an  inexhaustible  reservoir 
^^  electric  matter, — the  principal  facts  of  excitation  and  the  like  receive 
*  tolerably  satisfactory  explanation. 
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Tho  theory  of  ^pinus,  however,  still  required  to  have  the  Is 
action  of  the  particles  of  the  fluid  determined.  If  we  were  to  <9 
mind  how  momentous  an  event  in  physical  astronomy  was  the  d 
mination  of  the  law  of  the  cosmical  forces,  the  inverse  sqaaro  a( 
distance,  and  were  to  suppose  the  importance  and  difficulty  ol 
analogous  step  in  this  case  to  be  of  the  same  kind,  this  would  I 
mistake  the  condition  of  science  at  that  time.  The  leading  idea, 
conception  of  the  possibility  of  explaining  natural  phenQmeni 
means  of  the  action  of  forces,  on  rigorously  mechanical  principlefli 
already  been  promulgated  by  Newton,  and  was,  from  the  first,  seei 
be  peculiarly  applicable  to  electrical  phenomena ;  so  that  the  ' 
material  step  of  clearly  proposing  the  problem,  often  more  imp<w 
than  the  solution  of  it,  had  already  been  made.  Moreover  the 
firmation  of  the  truth  of  the  assumed  cause  in  the  astronomical 
depended  on  taking  the  right  law  ;  but  the  electrical  theory  conk 
confirmed,  in  a  general  manner  at  least,  without  this  restriction. 
f  it  was  an  important  discovery  that  the  law  of  the  inverse  square 
vailed  in  these  as  well  as  in  cosmical  attractions. 

It  was  impossible* not  to  conjecture  beforehand  that  it  would  h* 
Cavendish  had  professed  in  his  calculations  not  to  take  the  expo 
of  the  inverse  power,  on  which  the  force  depended,  to  be  strictl 
but  to  leave  it  indeterminate  between  1  and  3;  but  in  his  applical 
of  his  results,  he  obviously  inclines  to  the  assumption  that  it  i 
Experimenters  tried  to  establish  this  in  various  ways.  Robison, 
1769,  had  already  proved  that  the  law  of  force  is  veiy  nearl] 
exactly  the  inverse  square  ;  and  Meyer"  had  discovered,  but  not-; 
lished,  the  same  result.  The  clear  and  satisfactory  establishmeni 
this  truth  is  due  to  Coulomb,  and  was  one  of  the  first  steps  io 
important  series  of  researches  on  this  subject.  In  his  first  paper ' 
the  Memoirs  of  the  Academy  for  1*785,  he  proves  this  law  for  M 
globes ;  in  his  second  Memoir  he  shows  it  to  be  true  for  globes 
and  two  feet  in  diameter.  Ilis  invention  of  the  torsion-haldnce^  wl 
measures  very  small  forces  with  great  certainty  and  exactness,  enal 
him  to  set  this  question  at  rest  for  ever. 

The  law  of  force  being  determined  for  the  particles  of  the  ele< 
fluid,  it  now  came  to  be  the  business  of  the  experimenter  and 


•  Worht,  iv.  p.  68.  "  Biog.  Univ.  art.  Coulomb,  by  Bi« 

»  MSm.  A.  P.  1785,  pp.  509,  678. 


PROGRESS  OP  ELECTRICAL  THEORY.         207 

luatlicmatician  to  compare  the  results  of  the  theory  In  detail  with 
thoee  of  experimental  measures.     Coulomb  undertook  both  portions 
oC  the  task.     He  examined  the  electricity  of  portions  of  bodies  by 
ineaM  of  a  little  disk  (his  tangent  plane)  which  he  applied  to  them 
»d  then  removed,  and  which  thus  acted  as  a  sort  of  electric  taster. 
His  numerical  results  (the  intensity  being  still  measured  by  the  torsion- 
Wancc)  are  the  fundamental  facts  of  the  theory  of  the  electrical  fluid. 
Without  entering  into  detail,  we  may  observe  that  he  found  the  elec- 
tricity to  be  entirely  collected  at  the  surface  of  conductors  (which 
Bcccaria  had  before  shown  to  be  the  case),  and  that  he  examined  and 
ftcofded  the  electric  intensity  at  the  surface  of  globes,  cylinders,  and 
other  conducting  bodies,   placed  within   each   other's  influence   in 
various  ways. 

The  mathematical  calculation  of  the  distribution  of  two  fluids,  all 

^e  particles  of  which  attract  and  repel  each  other  according  to  the 

•koYe  law,  was  a  problem  of  no  ordinary  difficulty  ;  as  may  easily  be 

imagined,  when  it  is  recollected  that  the  attraction  and  repulsion  detcr- 

•ninc  the  distribution,  and  the  distribution  reciprocally  determines  the 

attraction  and  repulsion.     The  problem  was  of  the  same  nature  as  that 

of  the  figure  of  the  earth  ;  and  its  rigorous  solution  was  beyond  tlie 

powers  of  the  analysis  of  Coulomb's  time.     He    obtained,  however, 

^approximate  solutions  with  much  ingenuity  ;  for  instance,  in  a  case  in 

^liich  it  was  obvious  that  the  electric  fluid  would  be  most  accumulated 

at  and  near  the  equator  of  a  certain  sphere,  he  calculated  the  action 

of  the  sphere  on  two  suppositions  :  first,  that  the  fluid  was  all  collected 

precisely  at  the  equator ;  and  next,  that  it  v  as  uniformly  diff*uscd  over 

Resurface;  and  he  then  assumed  the  a't'.;.-il  case  to  be  intermediate 

Wween  these  two.     By  such  artifices  he  was  able  to  show  that  the 

desalts  of  his  experiments  and  of  his  calculations  gave  an  agreement 

^Qfficiently  near  to  entitle  him  to  consider  the  theory  as  established  on 

» solid  basis. 

Thus,  at  this  period,  mathematics  was   behind  experiment;  and  a 

pfoblem  was  proposed,  in  which   theoretical   numerical   results  were 

wanted  for  comparison  with  observation,  but  could  not  be  accurately 

obtained;  as  was  the  case  in  astronomy  also,  till  the  time  of  the 

Approximate  solution  of  the  Problem  of  Three  Bodies,  and  the  consc- 

^Qcnt  formation  of  the  Tables  of  the  Moon  and  Planets  on  the  theory 

of  universal    gravitation.     After    some   time,    electrical    theory    was 

relieved  from  this  reproach,  mainly  in  consequence  of  the  progress 

which  astronomy  had  occasioned  in  pure  mathematics.     About  1801, 
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there  appciired  in  the  Bulletin  des  ScienceSy^  an  exact  solution  of  tt: 
problem  of  the  distribution  of  electric  fluid  on  a  spheroid,  obtained  t 
M.  Biot,  by  the  application  of  the  peculiar  methods  which  Laplace  h^ 
invented  for  the  problem  of  the  figure  of  the  planets.  And  in  18^ 
M.  Poisson  applied  Laplace's  artifices  to  the  case  of  two  spheres  actLi 
upon  one  another  in  contact,  a  case  to  which  many  of  Coulomb's  exp^ 
ments  were  rcferrible ;  and  the  agreement  of  the  results  of  theory  ^ 
observation,  thus  extricated  from  Coulomb's  numbers,  obtained  ab« 
forty  years  previously,  was  very  striking  and  convincing.'"  It  follo^B" 
also  from  Poisson's  calculations,  that  when  two  electrized  spheres  ^ 
brought  near  each  other,  the  accumulation  of  the  opposite  electricL-ft 
on  their  nearest  points  increases  without  limit  as  the  spheres  appro ^ 
to  contact ;  so  that  before  the  contact  takes  place,  the  external  re^^ 
ance  will  be  overcome,  and  a  spark  will  pass. 

Though  the  relations  of  non-conductors  to  electricity,  and  vari 
other  circumstances,  leave  many  facts  imperfectly  explained  by 
theory,  yet  we  may  venture  to  say  that^  as  a  theory  which  gives 
laws  of  the  phenomena,  and  which  detcnnines  the  distribution  of  tl3i 
elementary  forces,  on  the  surface  of  electrized  bodies,  from  which  < 
mentary  forces  (whether  arising  from  the  presence  of  a  fluid  or  b^^c 
the  total  eflfects  result,  the  doctrine  of  Dufay  and  Coulomb,  as  J-^l 
loped  in  the  analysis  of  Poisson,  is  securely  and  permanently  ^5^ 
Wished.  This  part  of  the  subject  has  been  called  statical  electr€^^ 
In  the  establishment  of  the  theory  of  this  branch  of  science,  wo  tmX^ 
I  conceive,  allow  to  Dufay  more  merit  than  is  generally  ascribc<l 
him  ;  since  he  saw  clearly,  and  enunciated  in  a  manner  which  sha^< 
that  he  duly  appreciated  their  capital  character,  the  two  chief  pri*>' 
pies, — the  conditions  of  electrical  attraction  and  repulsion,  and  ^ 
apparent  existence  of  two  kinds  of  electricity.  His  views  of  attri 
tion  are,  indeed,  partly  expressed  in  terms  of  the  Cartesian  hypotli^ 
of  vortices,  then  prevalent  in  France ;  but,  at  the  time  when  he  wto* 
these  fonns  of  speech  indicated  scarcely  anything  besides  the  po*^ 
of  attraction.  Franklin's  real  merit  as  a  discoverer  was,  that  he  '^ 
one  of  the  first  who  distinctly  conceived  the  electrical  cluirge  B^ 
derangement  of  equilibrium.  The  great  fame  which,  in  his  day»  ^ 
enjoyed,  arose  from  the  clearness  and  spirit  with  which  he  narrated  * 
discoveries ;  from  his  dealing  with  electricity  in  the  imposing  fonH  ^ 
thunder  and  lightning ;  and  partly,  perhaps,  from  his  character  a3   * 
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American  and  a  politician ;  for  he  was  already,  in  1736,  engaged  in 
pnblic  affairs  as  clerk  to  the  General  Assembly  of  Pennsylvania,  though 

it  was  not  till  a  later  period  of  his  life  that  his  admirers  had  the  occa 

»0D  of  saying  of  him 

Eripuit  codlis  fulinen  sceptruinque  tyrannis ; 

.    Bom  to  control  all  lawless  force,  all  fierce  and  baleful  sway, 
The  thunder's  bolt,  the  tyrant's  rod,  alike  he  wrenched  away. 

J^inus  and  Coulomb  were  two  of  the  most  eminent  physical  philo- 
sophers of  the  last  century,  and  labored  in  the  way  peculiarly  required 
ky  that  generation ;  whose  office  it  was  to  examine  the  results,  in  par- 
ticular subjects,  of  the  general  conception  of  attraction  and  repulsion, 
tt  introduced  by  Newton.     Tlic  reasonings  of  the  Newtonian  period 
had,  in  some  measure,  anticipated  all  possible  theories  resembling  the 
dectrical  doctrine  of  -.iilpinus  and  Coulomb  ;  and,  on  that  account, 
this  doctrine  could  not  be  introduced  and  confinncd  in  a  sudden  and 
striking  manner,  so  as  to  make  a  great  epoch.     Accordingly,  Dufay, 
Symmer,  Watson,  Franklin,  Spinas  and  Coulomb,  have  all  a  share  in 
the  process  of  induction.     With  reference  to  these  founders  of  the 
theory  of  electricity,  Poisson  holds  the  same  place  which  La{)] ace  holds 
''^th  reference  to  Newton. 

The  reception  of  the  Coulombian  theory  (so  we  must  call  it,  for  the 

-^pinian  theory  implies  one  fluid  only,)  has  hitherto  not  been  sogene- 

''al  as  might  have  been  reasonably  expected  from  its  very  beautifiil 

Jiccordance  with  the  facts  which  it  contemplates.    This  has  partly  been 

OTOg  to  the    extreme  abstruseness  of  the  mathematical   reasoning 

"^'hich  it  employs,  and  which  put  it  out  of  the  reach  of  niost  expcri- 

^lientere  and  writers  of  works  of  general  circulation.      The  theory  of 

*'^)pinu8  was  explained  by  Robison  in  the  Encyclopocdia  Brltannka  ; 

^he  analysis  of  Poisson  has  recently  been  presented  to  the  jmblic  in 

^^^  Encyclop<€dia  MetropoUtana^  but  is  of  a  kind  not  easily  mastered 

^Tenby  most  mathematicians.     On  these  accounts  probably  it  is,  that 

^n  English  compilations  of  science,  we  find,  even  to  this  day,  the  two 

theories  of  one  and  of  two  fluids  stated  as  if  they  were  nearly  on  a  }>ar 

in  respect  of  their  experimental  evidence.     Still  we  nuiy  say  that  the 

M)iilombian  theory  is  probably  assente<l  to  by  all  who  have  examined 

it^  at  least  as  giving  the  laws  of  phenomena;  and  I  have  not  hoard  of 

^i^y  denial  of  it  from  such  a  quarter,  or  of  any  attempt  to  show  it  to  be 

erroneous  by  detailed   and  measured   experiments.     Mr.  Snow  Harris 

Vol  II.— 14. 
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has  recently"  described  some  important  experiments  and  measor 
but  his  apparatus  was  of  such  a  kind  that  the  comparison  of  the  rem 
with  the  Coulombian  theory  was  not  easy  ;  and  indeed  the  mathex 
tical  problems  which  Mr.  Harris's  combinations  offered,  require  ano£ 
Poisson  for  their  solution.  Still  the  more  obvious  results  are  sacfa 
agree  with  the  theory,  even  in  the  cases  in  which  their  author  c 
sidered  them  to  be  inexplicable.  For  example,  he  found  that* 
doubling  the  quantity  of  electricity  of  a  conductor,  it  attracted  a  bn 
with  four  times  the  force ;  but  the  body  not  being  insulated,  w^ 
have  its  electricity  also  doubled  by  induction,  and  thus  the  fact  i 
what  the  theory  required. 

Though  it  is  thus  highly  probable  that  the  Coulombian  theory 
electricity  (or  the  -^pinian,  which  is  mathematically  equivalent)  l 
stand  as  a  true  representation  of  the  law  of  the  elementary  actionfl^ 
must  yet  allow  that  it  has  not  received  that  complete  evidence, 
means  of  experiments  and  calculations  added  to  those  of  its  foandi 
which  the  precedents  of  other  permanent  sciences  have  led  us  to  Ic 
for.  The  experiments  of  Coulomb,  which  he  used  in  the  cstablishnu 
of  the  theory,  were  not  very  numerous,  and  they  were  limited  t^ 
peculiar  form  of  bodies,  namely  spheres.  In  order  to  form  the  prc^ 
sequel  to  the  promulgation  of  this  theory,  to  give  a  full  confirmati 
and  to  ensure  its  general  reception,,  wc  ought  to  have  experim*' 
more  numerous  and  more  varied  (such  as  those  of  Mr.  Harris  are)  8h<» 
to  agree  in  all  rcspeats  with  results  calculated  from  the  theory.  TC 
would,  as  we  have  said,  be  a  task  of  labor  and  difficulty ;  but  the  J 
son  who  shall  execute  it  will  deserve  to  be  considered  as  one  of  *• 
real  founders  of  the  true  doctrine  of  electricity.  To  show  thai*  "^ 
coincidence  between  theory  and  observation,  which  has  already  iM 
proved  for  spherical  conductors,  obtains  also  for  bodies  of  other  fan 
will  be  a  step  in  electricity  analogous  to  what  was  done  in  astrono* 
when  it  was  shown  that  the  law  of  gravitation  applied  to  comet* 
well  as  to  planets. 

But  although  we  consider  the  views  of-t'Epinus  or  Coulomb  in  a  V^ 
high  degree  probable  as  vl  formal  theory^  the  question  is  very  diffe*^ 
when  we  come  to  examine  them  as  a  physical  theory  ; — that  is,  wli 
we  inquire  whether  there  really  is  a  material  electric  fluid  or  fluid»- 

Question  of  One  or  Two  Fluids. — In  the  first  place  as  to  the  q«> 
tion  whether  the  fluids  are  one  or  two  ; — Coulomb's  introductioD 


"  F/iil.  Trant.  1884,  p.  2. 
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"pothesn  of  two  fluids  has  been  spoken  of  as  a  refonn  of  the 
of  .^inns ;  it  would  probably  have  been  more  safe  to  have 
his  labors  ah  advance  in  the  calculation,  and  in  the  comparison 
othesis  with  ezperimenty  than  to  have  used  language  which^- 
bat  the  question,  between  the  rival  hypotheses  of  one  or  two 
could  be  treated  as  settled.  For,  in  reality,  if  we  assume,  as 
s  does,  the  mutual  repulsion  of  all  the  particles  of  matter,  in 
n  to  the  repulsion  of  the  particles  of  the  electric  fluid  for  one 
r  and  their  attraction  for  tiie  particles  of  matter,  the  one  fluid 
inus  will  give  exactly  the  same  results  as  the  two  fluids  of  Cou- 
The  mathematical  formnlsB  of  Coulomb  ana  of  Poisson  ex- 
he  conditions  of  the  one  case  as  well  as  of  the  other ;  the 
station  only  beiug  somewhat  different  The  place  of  the  forces 
resmous  fluid  is  supplied  by  the  excess  of  the  forces  ascribed  to 
tter  above  the  forces  of  the  fluid,  in  the  parts  where  the  electric 
deficient. 

obvious  argument  against  tliis  hypothesis  iis  that  we  ascribe  to 
tides  of  matter  a  mutual  repulsion,  in  addition  to  the  mutual 
on  of  universal  gravitation,  and  that  this  appears  incongruous, 
ingly,  ^pinus  says,  that  when  he  was  first  driven  to  this  pro- 
i  it  horrified  him."  But  we  may  answer  it  in  this  way  verj* 
torily : — If  we  suppose  tlie  imitual  repulsion  of  matter  to  be 
lat  less  than  the  mutual  attraction  of  matter  and  electric  fluid, 
follow,  as  a  consequence  of  the  hypothesis,  that  besid^  all 
I  electrical  action,  the  particles  of  matter  would  attract  each 
Krith  forces  varying  inversely  as  the  square  of  the  distance, 
ravitation  itself  becomes  an  electrical  phenomenon,  arising  from 
idaal  excess  of  attraction  over  repulsion  ;  and  the  fact  which  is 
igainst  the  hypotliesis  becomes  a  confirmation  of  it  By  this 
ration  the  prerogative  of  simplicity  passes  over  to  the  side  of 
)othcsis  of  one  fluid ;  and  the  rival  view  appears  to  lose  at  least 
uperiority. 

^  recently,  M.  Mosotti"  has  calculated  tlie  results  of  the  -^pinian 
ia  a  fer  more  complete  manner  than  had  previously  been  per- 
;  using  Laplace's  coefficients,  as  Poisson  had  done  for  the  Cou- 


^ue  diffiteor  cum  ipsa  se  mihi  offerret  ....  me  ad  ipsam  quodammodo 

liase.    Teiitaynen  Theor.  Elect,  p.  89. 

I"  Ui  Forces  qui  rigUtent  la  Constitution  Interieure  dee  Carpi.    Ttiria 
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lombian  theory.  He  finds  that,  from  the  supposition  of  a  flaid  anc 
particles  of  matter  exercising  such  forces  as  that  theory  assumes  (n 
the  very  allowable  additional  supposition  that  the  particles  are  flu 
eoaapared  with  their  distances),  it  follows  that  the  particles  would 
ert  a  force,  repulsive  at  the  smallest  distances,  a  little  further  on  -^ 
ibhing,  afterwards  attractive,  and  at  all  sensible  distances  attracting 
proportion  to  the  inverse  square  of  the  distance.  Thus  there  wo 
be  a  position  of  stable  equilibrium  for  the  particles  at  a  very  sn 
distance  from  each  other,  which  may  be,  M.  Mosotti  suggests,  H 
equilibrium  on  which  their  physical  structure  depends.  According 
this  view,  the  resistance  of  bodies  to  compression  and  to  extension^ 
well  as  the  phenomena  of  statical  electricity  and  the  mutual  gravi 
tion  of  matter,  are  accounted  for  by  the  same  hypothesis  of  a  sini 
fluid  or  ether.  A  theory  which  oflfers  a  prospect  of  such  a  genea 
zation  is  worth  attention ;  but  a  very  clear  and  comprehensive  fii 
of  the  doctrines  of  several  sciences  is  requisite  to  prepare  us  to  oi 
mate  its  value  and  probable  success. 

Question  of  the  Material  Reality  of  tice  Electric  Fluid, — At  tx 
sight  the  beautiful  accordance  of  the  experiments  with  calculatio 
founded  upon  the  attractions  and  repulsions  of  the  two  hypotheA 
fluids,  persuade  us  that  the  hypotheses  must  be  the  real  state  of  thini 
But  we  have  already  learned  that  we  must  not  trust  to  such  evidfli 
too  readily.  It  is  a  curious  instance  of  the  mutual  influence  of  1 
histories  of  two  provinces  of  science,  but  I  think  it  will  be  allowed 
be  just^  to  say  that  the  discovery  of  the  polarization  of  heat  has  A 
much  to  shake  the  theory  of  the  electric  fluids  as  a  physical  real 
For  the  doctrine  of  a  material  caloric  appeared  to  be  proved  (from 
laws  of  conduction  and  radiation)  by  the  same  kind  of  mathemat 
evidence  (the  agreement  of  laws  respecting  the  elementary  actions  ^ 
those  of  fluids),  which  we  have  for  the  doctrine  of  material  electric 
Yet  we  now  seem  to  see  that  heat  cannot  be  matter,  since  its  ' 
have  sides,  in  a  manner  in  which  a  stream  of  particles  of  matter  < 
not  have  sides  without  inadmissible  hypotheses.  We  see,  then,  ^ 
it  will  not  be  contrary-  to  precedent,  if  our  electrical  flieory,  r^ 
senting  with  perfect  accuracy  the  laios  of  the  actions,  in  all  tl 
forms,  simple  and  complex,  should  yet  be  fallacious  as  a  view  of 
cau^e  of  the  actions. 

Any  true  view  of  electricity  must  include,  or  at  least  be  consist 
with,  the  other  classes  of  the  phenomena,  as  well  as  this  statical  e 
trical  action ;  such  as  the  conditions  of  excitation  and  retention 
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dectricity ;  to  which  we  may  add,  the  coniiexion  of  electricity  witli 
nugnetism  and  with  chemistry; — a  vast  field,  as  yet  dimly  seen. 
Now,  even  with  regard  to  t^e  simplest  of  these  questions,  the  cause  of 
I  the  retention  of  electricity  at  the  surface  of  bodies,  it  appears  to  bo 
impoGsible  to  maintain  Coulomb's  opinion,  tliat  this  is  effected  by  the 
resistance  of  air  to  the  passage  of  electrioity.  The  other  questions  are 
■ich  as  Coulomb  did  not  attempt  to  touch  ;  they  refer,  indeed,  princi- 
pally to  laws  not  suspected  at  his  time.  IIow  wide  and  profoun<J  a 
tbeonr  must  be  which  deals  worthily  with  these,  we  shall  obtain  some 
indications  in  the  succeeding  part  of  our  history. 

Bat  it  may  be  said  on  the  other  side,  that  we  have  the  evidence  of 

oar  senses  for  the  reality  of  an  electric  fluid  ; — we  see  it  iu  the  spark; 

we  hear  it  in  the  explosion  ;  we  feel  it  in  the  shock;  and  it  produces 

tke  effects  of  mechanical  violence,  piercing  and  tearing  the  bodies 

Arongh  which  it  passes.     And  those  who  arc  disposed  to  assert  a 

real  fluid  on  such  grounds,  may  appear  to  be  justified  in  doing  so,  by 

one  of  Newton's  "  Rules  of  Philosophizing,"  in  which  he  directs  the 

philosopher  to  assume,  in  his  theories,  "  causes  which  are  true."     The 

Qsoal  interpretation  of  a  **  vera  causa,"  has  been,  that  it  implies  causes 

*hicb,  independently  of  theoretical  calculations,  are  known  to  exist  by 

their  mechanic«al  effects ;  as  gravity  was  familiarly  known  to  exist  on 

the  earth,  before  it  was  extended  to  the  heavens.     The  electric  fluid 

naight  seem  to  be  such  a  vera  causa. 

To  this  I  should  venture  to  reply,  that  this  reasoning  shows  how 
delusive  the  Newtonian  rule,  so  interpreted,  may  be.  For  a  momentV 
^consideration  will  satisfy  us  that  none  of  the  circumstances,  above  ad- 
*iuce(I,  can  really  prove  material  currents,  rather  than  vibrations,  or 
<>tlier  modes  of  agency.  The  spark  and  shock  arc  (juite  insuflicient  to 
supply  such  a  proof.  Sound  is  vibrations, — light  is  vibrations  ;  vibra- 
tions may  affect  our  nerves,  and  may  rend  a  body,  as  when  glasses  are 
t^i^ken  by  sounds.  Therefore  all  these  supposed  indications  of  the 
Reality  of  the  electric  fluid  are  utterly  fallacious.  In  truth,  this  mod(^ 
<jf  applying  Newton's  rule  consists  in  chtvating  our  first  rud(j  and 
Unscientific  impressions  into  a  supremacy  over  the  results  of  ealcula- 
^*^n,  generalization,  and  svstematic  induction.*" 


On  the  subject  of  this  Newtx)niaii  Rule  of  Pliilosophiziii^.  p.»c  furtlicr  Phil. 
Jni  Sc.  B.  xi^  c.  13.  I  have  given  an  account  of  the  history  and  evidence  of 
^e  Theory  of  Electricity  in  the  Reports  of  the  Brilish  Association  for  1 835.  I 
^y  w«m  there  to  have  spoken  more  favorably  of  tlie  Theory  as  a  Physical 
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Thus  our  conclusion  with  regard  to  this  subject  is,  that  if  we  wish 
to  form  a  stable  physical  theory  of  electricity,  wo  must  take  into 
account  not  only  the  laws  of  statical  electricity,  which  we  have  been 
chiefly  considering,  but  the  laws  of  other  kinds  of  agency,  different 
from  the  electric,  yet  connected  with  it.  For  the  electricity  of  which 
we  have  hitherto  spoken,  and  which  is  commonly  excited  by  frictioD, 
is  identical  with  galvanic  action,  which  is  a  result  of  chemical  combi- 
nations, and  belongs  to  chemical  philosophy.  The  connexion  of  these 
different  kinds  of  electricity  with  one  another  leads  us  into  a  new 
domain ;  but  we  must,  in  the  first  place,  consider  their  mechanical 
laws.  We  now  proceed  to  anotlier  branch  of  the  same  subject,  Mag- 
netism. 


Theory  than  I  have  done  here.    This  difference  ifi  principolly  due  to  a  comft 
deration  of  the  present  aspect  of  the  Theory  of  Heat 
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Effice,  ut  interea  fera  munera  militial 
Per  maria  ac  terras  omneis  sopita  quiescant. 
Nam  tu  sola  potes  tranquilla  pace  juvare 
Mortalcs  ;  quoniam  belli  fera  munera  Mavors 
Armipotens  regit,  in  gremium  qui  sadpe  tnnm  se 
Rejicit,  ffitemo  devictus  vulnere  amoris  ; 
Atque  ita  suspicions  tereti  cervice  reposta, 
Pascit  amore  avidos  inhians  in  te,  Dca,  visus, 
Eque  tuo  pendet  resupini  spiritus  ore. 
Hunc  tu,  Diva,  tuo  rccubantem  corpore  saiicto 
Circ'umfusa  super,  suaves  ex  ore  loquelas 
Fundc,  pctcns  placidam  Komanis,  incluta,  pacem. 

TiUCRET.  i.  81. 

0  charming  Goddess,  whose  mysterious  swuy 

The  unseen  hosts  of  earth  and  sky  obey ; 

To  whom,  though  cold  and  hard  to  all  besides. 

The  Iron  God  by  strong  affection  glides. 

Flings  himself  eager  to  thy  close  embrace. 

And  bends  his  head  to  gaze  upon  thy  face  ; 

Do  thou,  what  time  thy  fondling  arms  are  thrown 

Around  his  form,  and  he  is  all  thy  own, 

Do  thou,  thy  Rome  to  save,  thy  power  to  prove, 

Beg  him  to  grant  a  boon  for  thy  dear  love  ; 

Beg  him  no  more  in  battle-fields  to  deal. 

Or  crush  the  nations  with  his  mailed  heel. 

But,  touched  and  softened  by  a  worthy  flame, 

Quit  sword  and  spear,  and  seek  a  better  fame. 

Bid  him  to  make  all  war  and  slaughter  cease, 

And  ply  his  genuine  task  in  arts  of  peace  ; 

And  by  thee  guided  o'er  the  trackless  surge, 

Bear  wealth  and  joy  to  ocean's  farthest  verge. 


CHAPTER  L 
Discovery  of  Laws  of  Magnetic  Phenomena. 

THE  history  of  Magnetism  is  in  a  great  degree  similar  to  that  of 
Electricitv,  and  many  of  the  same  persons  were  employed  in  the 
two  trains  of  research.  The  general  fact,  that  the  magnet  attracts 
iron,  was  nearly  all  that  was  known  to  the  ancients,  and  is  frequently 
mentioned  and  referred  to ;  for  instance,  by  Pliny,  who  wonders  and 
declaims  concerning  it,  in  his  usual  exaggerated  style.*  The  writers 
of  the  Stationary  Period,  in  this  subject  as  in  others,  employed  them- 
selves in  collecting  and  adorning  a  number  of  extravagant  tales,  which 
the  slightest  reference  to  experiment  would  have  disproved ;  as,  for 
example,  that  a  magnet,  when  it  has  lost  its  virtue,  has  it  restored  by 
goat's  blood.  Gilbert,  whose  work  De  Magnete  we  have  already 
mentioned,  speaks  with  becoming  iiuliixniitiori  and  pity  of  this  bookish 
folly,  and  repeatedly  asserts  the  paramount  value  of  experiments.  He 
himself^  no  doubts,  acted  up  to  his  own  precepts;  for  his  wo.rk  contains 
all  the  fundamental  facts  of  the  science,  so  fully  examined  indeed,  that 
even  at  tliis  day  we  have  little  to  add  to  them.  Thus,  in  his  first 
Book,  the  subjects  of  the  third,  fourth,  and  fifth  Chapters  are, — 
that  the  magnet  has  poles, — that  we  may  call  these  poles  the  north 
and  the  south  pole, — that  in  two  magnets  the  north  pole  of  each 
attracts  the  south  pole  and  repels  the  north  pole  of  the  other.  This 
is,  indeed,  the  cardinal  fact  on  which  our  generalizations  rest ;  and  the 
reader  will  perceive  at  once  its  resemblance  to  the  leading  pheiionicna 
of  statical  electricity. 

But  the  doctrines  of  magnetism,  like  those  of  heat,  have  an  addi- 
tional claim  on  our  notice  from  the  manner  in  which  they  arc  exempli- 
fied in  the  globe  of  the  earth.  The  subject  of  terrestrial  magnetism 
forms  a  very  important  addition  to  the  general  facts  of  magnetic 
attraction  and  repulsion.  The  property  of  the  magnet  by  which  it 
directs  its  poles  exactly  or  nearly  north  and  south,  when  once  dis- 
covered, was  of  immense  importance  to  the  mariner.     It  does  not 


*  HUt.  Nat.  lib.  xxxvi.  c.  25. 
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appear  easy  to  trace  with  certainty  the  period  of  this  discove 
Passing  over  certain  legends  of  the  Chinese,  as  at  any  rate  not  beari 
upon  the  progress  of  European  science,'  the  earliest  notice  of  this  p 
perty  appears  to  be  contained  in  the  Poem  of  Guyot  de  ProveD 
who  describes  the  needle  as  being  magnetized,  and  then  placed  in 
on  a  straw,  (floating  on  water,  as  I  presume  :) 

Puis  80  tome  la  pointe  toutc 
Centre  Testoile  sans  doute ; 

that  is,  it  turns  towards  the  pole-star.  This  account  would  make  t 
knowledge  of  this  property  in  Europe  anterior  to  1200.  It  n 
afterwards  found*  that  the  needle  does  not  point  exactly  towards  1 
north.  Gilbert  was  aware  of  this  deviation,  which  he  calls  the  var 
tion,  and  also,  that  it  is  different  in  different  places.^  He  maintaic 
on  theoretical  principles  also,*  that  at  the  sanie  place  the  variatioc 
constant ;  probably  in  his  time  there  were  not  any  recorded  obser 
tions  by  which  the  truth  of  this  assertion  could  be  tested ;  it  n 
afterwards  found  to  be  false.  The  alteration  of  the  variation  in  p 
ceeding  from  one  place  to  another  was,  it  will  be  recollected,  one 
the  circumstances  which  most  alarmed  the  companions  of  Columi 
in  1492.  Gilbert  says,*  "  Other  learned  men  have,  in  long  navigatic 
observed  the  differences  of  magnetic  variations,  as  Thomas  Har 
Robert  Uues,  Edward  Wright,  Abraham  Kendall,  all  Englishm* 
others  have  invented  magnetic  instruments  and  convenient  modes 
observation,  such  as  are  requisite  for  those  who  take  long  voyages^ 
William  Borough  in  his  Book  concerning  the  variation  of  the  comp>j 
William  Barlo  in  his  supplement,  William  Norman  in  his  A 
Attractive,  This  is  that  Robert  Norman  (a  good  seaman  and  an  : 
genious  artificer,)  who  first  discovered  the  dip  of  magnetic  iroi 
This  important  discovery  was  made'  in  15*70.  From  the  time  wh< 
the  difference  of  the  variation  of  the  compass  in  different  plaC 
became  known,  it  was  important  to  mariners  to  register  the  variati( 
in  all  parts  of  the  world.  Halley  was  appointed  to  the  command  of 
ship  in  the  Royal  Navy  by  the  Government  of  William  and  Mai 
with  orders  "  to  seek  by  observation  the  discovery  of  the  rule  for  tl 
» ariation  of  the  compass."     lie  publisiied  Magnetic  Charts,  whi< 


'  Fnc.  Met,  art.  Magnetism,  p.  TSB.        '  Before  1269.     Enc.  Met.  p.  737. 
*  De  Magnete,  lib.  iv.  c.  1.       *  c.  3.      •  Lib.  i  c,  1.       '  Ene.  Met.  p.  73a 
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''ave  been  since  corrected  and  improved  by  various  persons.    The 

"H)6t  recent  are  those  of  Mr.  Yates  in  1817,  and  of  M.  llanstecn.    The 

"ip,  as  well  as  the  variation,  was  found  to  bo  different  in  different 

P^Aces.    M.  Humboldt,  in  the  course  of  his  travels,  collected  many 

**ich  observations.     And  both  the  observations  of  variation  and  of 

^^p  seemed  to  indicate  that  the  earth,  as  to  its  effect  on  the  magnetic 

'^^^edJe,  may,  approximately  at  least,  bo  considered  as  a  magnet,  the 

poles  of  which  are  not  far  removed  from  the  earth's  poles  of  rotation. 

-*^Qs  we  have  a  magnetic  equator^  in  which  the  needle  has  no  dip,  and 

''^liich  does  not  deviate  far  from  the  earth's  equator ;  although,  from 

tte  best  obser>'ation8,  it  appeal's  to  be  by  no  means  a  regular  circle. 

And  the  phenomena,  both  of  the  dip  and  of  the  variation,  in  high 

**orthem  latitudes,  appear  to  indicate  the  existence  of  a  pole  below 

^e  surface  of  the  earth  to  the  north  of  Hudson's  Bay.     In  his  second 

'remarkable  expedition  into  those  regions.  Captain  Ross  is  supposed  tc 

have  reached  the  place  of  this  pole ;  the  dipping-needle  there  pointing 

^<^rtically  downwards,  and  the  variation-compaes  turning  towards  this 

point  in  the  adjacent  regions.     We  shall  hereafter  have  to  consider 

Ae  more  complete  and  connected  views  which  have  been  taken  of 

^rrestrial  magnetism. 

In  1033,  Gellibrand  discovered  that  the  variation  is  not  constant,  as 
Gilbert  imanrined,  but  that  at  London  it  had  diminished  from  eleven 
degrees  east  in  1580,  to  four  degrees  in  1C33.  Since  that  time  the 
Variation  has  become  more  and  more  westerly ;  it  is  now  about  twenty- 
five  degrees  west,  and  the  needle  is  supposed  to  have  begun  to  travel 
eastward  again. 

The  next  important  fact  which  appeared  with  respect  to  terrestrial 

Magnetism  w^as,  that  the  position  of  the  needle  is  subject  to  a  small 

diurnal  variation  :  this  was  discovered  in  1722,  by  Graham,  a  philoso- 

pWcal  instrument-maker,  of  London.     The  daily  variation  was  esta- 

Uisbed  by  one  thousand  observations  of  Graham,  and  confirmed  by 

four  thousand  more  made  by  Canton,  and  is  now  considered  to  be  out 

of  dispute.     It  appeared  also,  by  Canton's  researches,  that  the  diurnal 

variation  undergoes  an  annual  inequality,  being  nearly  a  quarter  of  a 

'degree  in  June  and  July,  and  only  half  that  quantity  in  December  and 

Jannarv.  , 

Having  thus  noticed  the  principal  facts  which  belong  to  terrestrial 
"^gnetism,  we  must  return  to  the  consideration  of  those  phenomena 
which  gradually  led  to  a  consistent  magnetic  theory.  Gilbert  observed 
ihatboth  smelted  iron  and  hammered  iron  have  the  magnetic  viitue, 
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though  in  a  weaker  degree  than  the  magnet  itself/  and  he  asserted  dis- 
tinctly that  the  magnet  is  merely  an  ore  of  iron,  (lib.  i.  c.  16,  Quod 
magnes  et  vena  ferri  idem  sunt.)     He  also  noted  the  increased  energy 
which  magnets  acquire  by  being  armed  ;  that  is,  fitted  with  a  cap  of 
polished  iron  at  each  pole.*     But  we  do  not  find  till  a  later  period  any 
notice  of  the  distinction  which  exists  between  the  magnetical  proper- 
ties of  soft  iron  and  of  hard  steel ; — the  latter  being  susceptible  of  beinc^ 
formed  into  artificial  magnets^  with  permanent  poles ;  while  soft  iroiHi 
is  only  passively  mapn^ic,  receiving  a  temporary  polarity  from  th<^ 
action  of  a  magnet  near  it,  but  losing  this  property  when  the  magne'9 
is  removed.    About  the  middle  of  the  last  centurj',  various  methods 
were  devised  of  making  artificial  magnets,  which  exceeded  in  powe-^ 
all  magnetic  bodies  previously  known. 

The  remaining  experimental  researches  had  so  close  an  historic^^ 
connexion  with  the  theory,  that  they  will  be  best  considered  alom^  * 
with  it,  and  to  that,  therefore,  we  now  proceed. 


CHAPTER  H. 
Progress  of  Magnetic  Theory. 


THEORY  OF  Magnetic  Action. — The  assumption  of  a  fluid,  i 
mode  of  explaining  the  phenomena,  was  far  less  obvious  in  magn^*^ 
than  in  electric  cases,  yet  it  was  soon  arrive*]  at.  After  the  usual  f^^'^^ 
losophy  of  the  middle  ages,  the  "  forms"  of  Aquinas,  the  "  efflux"  ^^ 
Cusanus,  the  "  vapors"  of  Costa^us,  and  the  like,  which  are  reconJ^^ 
by  Gilbert^*  we  have  his  own  theory,  which  he  also  expresses  1^* 
ascribing  the  effects  to  a  "  formal  efficiency  ;" — a  ^^forra  of  primary! 
globes ;  the  proper  entity  and  existence  of  their  homogeneous  part^% 
which  we  may  call  a  primary  and  radical  and  astral /orm ;" — of  whicl^^ 
forms  there  is  one  in  the  sun,  one  in  the  moon,  one  in  the  earth,  the 
latter  being  the  magnetic  virtue. 

Without  attempting  to  analyse  the  precise  import  of  these  expres- 
sions, we  may  proceed  to  Descartcs's  explanation  of  magnetic  pheno- 
mena.    The  mode  in  which  he  presents  this  subject'  is,  perhaps,  the 


•  Lib.  i.  c  9—13.  •  Lib.  ii.  c.  17. 

»  Gilb.  lib.  ii.  c  8,  4.  '  Prin.  Phil,  pars  c  iv.  146. 
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TM»t  persuasive  of  liis  physical  attempts.  If  a  magnet  be  placed 
^niong  iron  filings,  these  arrange  themselves  in  curved  lines,  which 
pw>ceed  from  one  pole  of  the  magnet  to  the  other.  It  was  not  difficult 
to  Conceive  these  to  be  the  traces  of  currents  of  ethereal  matter  which 
<^*cnlate  through  the  magnet,  and  which  are  thus  rendered  sensible 
^''en  to  the  eye.  When  phenomena  could  not  be  explained  by  means 
^^  one  vortex,  several  were  introduced.  Three  Memoirs  on  Magnetism, 
^ntten  on  such  principles,  had  the  prize  adjudged'  by  the  French 
Academy  of  Sciences  in  1746. 

But  the  Cartesian  philosophy  gradually  declined ;  and  it  was  not 
^fficult  to  show  that  the  niafpieiic  curves,  as  well  as  other  phenomena, 
'^ould,  in  fact,  result  from  the  attraction  and  repulsion  of  two  poles. 
The  analogy  of  magnetism  with  electricity  was  so  strong,  and  clear, 
^at  similar  theories  were  naturally  proposed  for  the  two  sets  of  facts ; 
^e  distinction  of  bodies  into  conductors  and  electrics  in  the  one  case, 
<^orresponding  to  the  distinction  of  soft  and  hard  steel,  in  their  rela- 
tions to  magnetism.  ^"Epinus  published  a  theory  of  magnetism  and 
electricity  at  the  same  time  (l7o9);  and  the  former  theory,  like  the 
latter,  explained  the  phenomena  of  the  opposite  poles  as  results  of  the 
excess  and  defect  of  a  magnetic  "  fluid,"  which  was  dislodged  and 
accumulated  in  the  ends  of  the  body,  by  the  repulsion  of  its  own  par- 
ticles, and  by  the  attraction  of  iron  or  steel,  as  in  the  case  of  induced 
electricity.  The  ^Epinian  theory  of  magnetism,  as  of  electricity,  wasr 
'*ecast  by  C-oulomb,  and  presented  in  a  new  shape,  with  two  fluids  in- 
stead of  one.  But  before  this  theory  was  reduced  to  calculation,  it 
^'as  obviously  desirable,  in  the  first  place,  to  detenniue  the  law  of 
^orce. 

In  magnetic,  as  in  electric  action,  the  determination  of  the  law  of 
attraction  of  the  particles  was  attended  at  first  with  some  difficulty, 
^>ccaiise  the  action  which  a  finite  magnet  exerts  is  a  compound  result 
^f  the  attractions  and  repulsions  of  many  points.     Xewton  had  ima- 
gined the  attractive  force  of  magnetism  to  be  inversely  as  the  cube  of 
^^e  distance ;   but  Mayer  in  1760,  and  Lambcit  a  few  years   later, 
asserted  the  law  to  be,  in  this  as  in  other  forces,  the  inverse  square. 
Coulomb  has  the  merit  of  having  first  clearly  confinncd  this  law,  by 
^^  use  of  his  torsion -balance.*     lie  established,  at  the  same  time,  other 
^^fy  important  facts,  for  instance,  "  that  the  directive  magnetic  force, 
*nich  the  earth  exerts  upon  a  needle,  is  a  constant  quantity,  parallel 


'  Coulomb,  1789,  p.  482.  *  Mem.  A.  P.  178-i,  2d  Mem.  p  593. 
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to  the  magnetic  meridian,  and  passing  through  the  same  point  of  the 
needle  whatever  be  its  position."  This  was  the  more  important, 
because  it  was  necessary,  in  the  first  place,  to  allow  for  the  effect  of  the 
terrestrial  force,  before  the  mutual  action  of  the  magnets  could  be 
extricated  from  the  phenomena.*  Coulomb  then  proceeded  to  correct 
the  theory  of  magnetism. 

Coulomb's  reform  of  the  -^pinian  theory,  in  the  case  of  magnetism, 
as  in  that  of  electricity,  substituted  two  fluids  (an  austral  and  a  boreal 
fluid,)  for  the  single  fluid ;  and  in  this  way  removed  the  necessity  under 
which  ^pinus  found  himself,  of  supposing  all  the  particles  of  iron  and 
steel  and  other  magnetic  bodies  to  have  a  peculiar  repulsion  for  each 
other,  exactly  equal  to  their  attraction  for  the  magnetic  fluid.  But  in 
the  case  of  magnetism,  another  modification  was  necessary.  It  was 
impossible  to  suppose  here,  as  in  the  electrical  phenomena,  that  one  of 
the  fluids  was  accumulated  on  one  extremity  of  a  body,  and  the  other 
fluid  on  the  other  extremity ;  for  though  this  might  appear,  at  first 
sight,  to  be  the  case  in  a  magnetic  needle,  it  was  found  that  when  the 
needle  was  cut  into  two  halves,  the  half  in  which  the  austral  fluid  had 
seemed  to  predominate,  acquired  immediately  a  boreal  pole  opposite  to 
its  austral  pole,  and  a  similar  eftcct  followed  in  the  other  half.  The 
same  is  true,  into  however  many  parts  the  magnetic  body  be  cut.  The 
way  in  which  Coulomb  modified  the  theory  so  as  to  reconcile  it  with 
such  facts,  is  simple  and  satisfactory.  He  supposes*  the  magnetic  body 
to  be  made  up  of  "  molecules  or  integral  parts,"  or,  as  they  were  after- 
wards called  by  M.  Poisson,  "magnetic  element.s."  In  each  of  these 
elements,  (which  are  extremely  minute,)  the  fluids  can  be  separated,  so 
that  each  element  has  an  austral  and  a  boreal  pole ;  but  the  austral 
pole  of  an  element  which  is  adjacent  to  the  boreal  pole  of  the  next 
neutralizes,  or  nearly  neutralizes,  its  eflfcct ;  so  that  the  sensible  mag 
netism  appears  only  towards  the  extremities  of  the  body,  as  it  would  do 
if  the  fluids  could  permeate  the  body  freely.  We  shall  have  exactly 
the  same  result,  as  to  sensible  magnetic  force,  on  the  one  supposition 
and  on  the  other,  as  Coulomb  showed.' 

The  theory,  thus  freed  from  manifest  incongruities,  was  to  be  reduced 
to  calculation,  and  compared  with  experiment ;  tins  was  done  in  Cou- 
lomb's Seventh  Memoir.*  The  difficulties  of  calculation  in  this,  as  in  the 
electric  problem,  could  not  be  entirely  surmounted  by  the  analysis  of 
Coulomb ;  but  by  various  artifices,  he  obtained  theoretically  the  rela- 


•  p.  603.    *  Mem,  A,  F.  1789,  p.  488.     '  Mem,  A.  P.  p.  492.     *  A,  P.  1789. 
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live  amount  of  magnetism  at  several  points  of  a  needle,'  ar.d  tlie 
prof/osition  that  the  directive  force  of  the  earth  on  similar  needles  satu- 
Tited  with  magnetism,  was  as  the  cube  of  their  dimensions ;  conclusions 
which  agreed  with  experiment 

The  agreement  thus  obtained  was  sufficient  to  give  a  great  probabi- 
lity to  the  theory ;  but  an  improvement  of  the  methods  of  calculation 
and  a  repetition  of  experiments,  was,  in  this  as  in  other  cases,  desirable, 
as  a  confirmation  of  the  labors  of  the  original  theorist.  These  requi- 
sites, in  the  course  of  time,  were  supplied.  The  researches  of  Laplace 
and  Legcndre  on  the  figure  of  the  earth  had  (as  we  have  already 
stated,)  introduced  some  very  peculiar  analytical  artifices,  applicable  to 
the  attractions  of  spheroids ;  and  these  methods  were  employed  by  M. 
Biotin  1811,  to  show  that  on  an  elliptical  spheroid,  the  thickness  of 
the  fluid  in  the  direction  of  the  radius  would  be  as  the  distance  from 
the  centre.*'  But  the  subject  was  taken  up  in  a  more  complete  man- 
ner in  1824  by  M.  Poisson,  who  obtained  general  expressions  for  the 
attractions  or  repulsions  of  a  body  of  any  form  whatever,  magnetized 
hyinflnence,  upon  a  given  point ;  and  in  the  case  of  spherical  bodies 
*as  able  completely  to  solve  the  equations  which  determine  tho^sc 
forces." 

Previously  to  these  theoretical  investigations,  Mr.  Barlow  had  made 
a  series  of  experiments  on  the  effect  of  an  iron  sphere  upon  a  compass 
needle ;  and  had  obtained  empirical  formula)  for  the  amount  of  the 
deviation  of  the  needle,  according  to  its  dependence  upon  the  position 
and  maj^nitude  of  the  sphere.  lie  afterwards  deduced  the  same  for- 
"Julaefrom  a  theory  which  wtis,  in  fact,  identical  with  that  of  Coulomb, 
out  which  he  considered  as  different,  in  that  it  supposed  the  magnetic 
"Qids  to  be  entirely  collected  at  the  surface  of  the  sphere.  He  had 
indeed  found,  by  experiment,  that  the  surface  was  the  only  part  in 
^hich  there  was  any  sensible  magnetism  ;  and  that  a  thin  shell  of  iron 
^oujd  produce  the  same  effect  as  a  solid  ball  of  the  same  diameter. 

^ut  tliis  was,  in  fact,  a  most  complete  verification  of  Coulomb's 
theory.  For  though  that  theory  did  not  suppose  the  magnetism  to  be 
collected  solely  at  the  surface,  as  Mr.  Barlow  found  it,  it  followed  from 
"le  theory,  that  the  sensible  magnetic  intensity  assumed  the  same  dis- 
tnoution  (namely,  a  surface  distribution,)  as  if  the  fluids  could  pci-- 
ineate  the  whole  body,  instead  of  the  "  magnetic  elements-'  only.  Cou- 
lomb, indeed,  had  not  expressly  noticed  the  result,  that  the  sensible 


P-  485.     »  Bull,  des  Sc.  No.  li.      "  A.  P.  for  1821  onJ  2,  published  1820. 
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magnetism  would  be  confined  to  the  surface  of  bodies ;  but  he  had 
found  that,  in  a  long  needle,  the  magnetic  fluid  might  be  supposed 
to  be  concentrated  very  near  the  extremities,  just  as  it  is  in  a  long 
electric  body.  The  theoretical  confirmation  of  this  rule  among  the 
other  consequences  of  the  theory, — that  the  sensible  magnetism  would 
be  collected  at  the  surface, — was  one  of  the  results  of  Poisson's  analysis. 
For  it  appeared  that  if  the  sum  of  the  electric  elements  of  the  body 
was  equal  to  the  whole  body,  there  would  be  no  difference  between  the 
action  of  a  solid  sphere  and  very  thin  shell. 

We  may,  then,  consider  the  Coulorabian  theory  to  be  fully  esta- 
blished and  verified,  as  a  representation  of  the  laws  of  magnetical  phe- 
nomena. We  may  add,  as  a  remarkable  and  valuable  example  of  an 
ulterior  step  in  the  course  of  sciences,  the  application  of  the  laws  of 
the  distribution  of  magnetism  to  the  purposes  of  navigation.  It  had 
been  found  that  the  mass  of  iron  which  exists  in  a  ship  produces  a 
deviation  in  the  direction  of  the  compass-needle,  which  was  termed 
"  local  attraction,"  and  which  rendered  the  compass  an  erroneous  guide. 
Mr.  Barlow  proposed  to  correct  this  by  a  plate  of  iron  placed  near  the 
compass ;  the  plate  being  of  comparatively  small  mass,  but,  in  conse- 
quence of  its  expanded  form,  and  its  proximity  to  the  needle,  of  equiva- 
lent effect  to  the  disturbing  cause. 

[2nd  Ed.]  [This  proposed  aiTangement  was  not  successful,  because 
as  the  ship  turns  into  different  positions,  it  may  be  considered  as 
revolving  round  a  vertical  axis ;  and  as  this  does  not  coincide  with  the 
magnetic  axis,  the  relative  magnetic  position  of  the  disturbing  parts 
of  the  ship,'  and  of  the  correcting  plate,  will  be  altered,  so  that  they 
will  not  continue  to  counteract  each  other.  In  high  magnetic  latitudes 
the  correcting  plate  was  used  with  success. 

But  when  iron  ships  became  common,  a  correction  of  the  effect  of 
the  iron  upon  the  ship^s  compass  in  the  general  case  became  necessary. 
Mr.  Airy  devised  the  means  of  making  this  correction.  By  placing  a 
magnet  and  a  mass  of  iron  in  certain  positions  relative  to  the  compass, 
the  effect  of  the  rest  of  the  iron  in  the  ship  is  completely  counteracted 
in  all  positions."] 

But  we  have  still  to  trace  the  progress  of  the  theory  of  terrestrial 
magnetism. 

Theory  of  Terrestrial  Magnetism, — Gilbert  had  begun  a  plausible 
course  of  speculation  on  this  point.     "  We  must  reject,"  he  says,"  "  in 


"  See  Phil  Trant.  1836.  "  Lib.  iv.  c.  1.  De  Variatioue. 
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the  first  place,  that  vulgar  opinion  of  recent  writers  concerning  mag- 
netic mountains,  or  a  certain  magnetic  rock,  or  an  imaginary  pole  at  a 
icrUin  distance  from  the  pole  of  the  earth."  For,  he  adds,  "  we  learn 
by  experience,  that  there  is  no  such  fixed  pole  or  terra  in  the  earth  foT 
the  variation."  Gilbert  describes  the  whole  earth  as  a  magnetic  globe, 
and  attributes  the  variation  to  the  irregular  form  of  its  protuberances, 
the  solid  parts  only  being  magnetic.  It  was  not  easy  to  confirm  or 
refute  this  opinion,  but  other  hypotheses  were  tried  by  various  writers ; 
for  instance,  Halley  had  imagined,  from  the  forms  of  the  lines  of 
eqnal  variation,  that  there  must  be  four  magnetic  poles ;  but  Euler'* 
showed  that  the  "Halleian  lines"  would,  for  the  most  part,  result 
from  the  supposition  of  two  magnetic  poles,  and  assigned  their  posi- 
tion so  as  to  represent  pretty  well  the  known  state  of  the  variation 
«11  over  the  world  in  1744.  But  the  variation  was  not  the  only  phe 
nomeDon  which  required  to  bo  taken  into  account ;  the  dip  at  difier- 
ent places,  and  also  the  intensity  of  the  force,  were  to  be  considered. 
We  have  already  mentioned  M.  dc  Humboldt's  collection  of  observa- 
tions of  the  dip.  These  were  examined  by  M.  Biot,  with  the  view 
of  reducing  them  to  the  action  of  two  poles  in  the  supposed  terres- 
trisl  magnetic  axis.  Having,  at  first,  made  the  distance  of  these 
poles  from  the  centre  of  the  earth  indefinite,  he  found  that  his  for- 
mulae agreed  more  and  more  nearly  with  the  observations,  as  the 
poles  were  brought  nearer ;  and  that  fact  and  theory  coincided  tolcra- 
hly  well  when  both  poles  were  at  the  centre.  In  1809,"  Kraflft  sim- 
plified this  result,  by  showing  that,  on  this  supposition,  the  tangent 
^  the  dip  was  twice  the  tangent  of  the  latitude  of  the  place  as  mea- 
sured from  the  magnetic  equator.  But  M.  Hanstecn,  who  has  devoted 
to  the  subject  of  terrestrial  magnetism  a  great  amount  of  labor  and 
skiU,  has  shown  that^  taking  together  all  the  observations  which  we 
P^^ssess,  we  are  compelled  to  suppose  four  magnetic  poles ;  two  near 
the  north  pole,  and  two  near  the  south  pole,  of  the  terrestrial  globe  ; 
^d  that  these  poles,  no  two  of  whicli  arc  exactly  opposite  each  other, 
^e  all  in  motion,  with  different  velocities,  some  moving  to  the  cast 
^^^  some  to  the  west.  This  curious  collection  of  facts  awaits  the 
hand  of  fiiturc  theorists,  when  the  ripeness  of  time  shall  invite  them 
to  the  task. 

[2nd  Ed.]     [I  had  thus  written  in  the  first  edition.     The  theorist 
'^ho  Was  needed  to  reduce  this  accumulation  of  facts  to  their  laws, 


"  Ae.  Berlin,  1757.  "'^  '*  £nc.  Met.  p.  742. 
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had  already  laid  his  powerful  hand  upon  them ;  namely,  M.  Gauae 
mathematician  not  inferior  to  any  of  the  great  men  who  completed  i 
theory   of   gravitation.     And   institutions  had  been  established 
extending  the  collection  of  the  facts  pertaining  to  it,  on  a  scale  wIb 
elevates  Magnetism  into  a  companionship  with  Astronomy.     M.  9 
steen's  Magnetismus  der  Erde  was  published  in  1819.     His  coa.^ 
sions  respecting  the  position  of  the  four  magnetic  "  poles"  excitecl 
much  interest  in  his  own  country,  that  the  Norwegian  Storthing, 
parliament,  by  a  unanimous  vote,  provided  funds  for  a  magnetic  en 
dition  which  he  was  to  conduct  along  the  north  of  Europe  and  Aa 
and  this  they  did  at  the  very  time  when  they  refused  to  make  a  gx 
to  the  king  for  building  a  palace  at  Christiania.     The  expedition  'i 
made   in  1828-30,  and  verified  Hanstecn's  anticipations  as  to 
existence  of  a  region  of  magnetic  convergence  in  Siberia,  whicli. 
considered  as  indicating  a  "pole"  to  the  north  of  that  country. 
Erman  also  travelled  round  the  earth  at  the  same  time,  making  no 
netic  observations. 

About  the  same  time  another  magnctical  phenomenon  attracted  art 
tion.  Besides  the  general  motion  of  the  magnetic  poles,  and  the  diar 
movements  of  the  needle,  it  was  found  that  small  and  irregular  < 
turbances  take  place  in  its  position,  which  M.  dc  Humboldt  termed  f^ 
netic  storms.  And  that  which  excited  a  strong  interest  on  this  sul>| 
was  the  discovery  that  these  magnetic  storms,  seen  only  by  philosopli 
who  watch  the  needle  with  microscopic  exactness,  rage  simultanea"0 
over  large  tracts  of  the  surface  of  our  globe.  This  was  detected  al> 
1825  by  a  comparison  of  the  observations  of  M.  Arago  at  Paris  y^ 
simultaneous  observations  of  M.  Kupffer  at  Kasan  in  Russia,  disti 
more  than  47  degrees  of  longitude. 

At  the  instance  of  M.  de  Humboldt,  the  Imperial  Academy  of  Rufi 
adopted  with  zeal  the  prosecution  of  this  inquir}',  and  formed  a  ch* 
of  magnetic  stations  across  the  whole  of  the  Russian  empire.  M« 
netic  observations  were  established  at  Petersburg  and  at  Kasan,  « 
corresponding  observations  were  made  at  Moscow,  at  NicolaiefF  in  t 
Crimea,  and  Barnaoul  and  Nertchinsk  in  Siberia,  at  Sitka  in  Russi' 
America,  and  even  at  Pekin.  To  these  magnetic  stations  the  Russia 
government  afterwards  added,  Catharincburg  in  Russia  Proper,  Hc 
singfors  in  Finland,  Teflis  in  Georgia.  A  comparison  of  the  resuF 
obtained  at  four  of  these  stations  made  by  MM.  de  Humboldt  aa 
Dove,  in  the  year  1830,  showed  that  the  magnetic  disturbances  wer 
simultaneous,  and  were  for  the  most  parallel  in  their  progress. 
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Important  steps  in  the  prosecution  of  this  subject  were  sooi  aflci 
made  by  M.  Gauss,  the  great  mathematician  of  Gottingen.  lie  con- 
trived instruments  and  modes  of  observation  far  more  perfect  than  any 
before  employed,  and  organized  a  system  of  comparative  observations 
throughout  Europe.  In  1835,  stations  for  this  purpose  were  establish- 
ed at  Altona,  Augsbtlrg,  Berlin,  Breda,  Brcslau,  Copenhagen,  Dublin, 
Freiberg,  GOttingen,  Greenwich,  Ilanovcr,  Leipsic,  Marburg,  Milan, 
Munich,  Petersburg,  Stockholm,  and  Upsala.  At  these  places,  six 
times  in  the  year,  observations  were  taken  simultaneously,  at  intervals 
of  five  minutes  for  24  hours.  The  Results  of  the  Magnetic  Associa- 
^n  (Resultaten  des  Magnetischen  Vereins)  were  published  by  MM. 
Gauss  and  Weber,  beginning  in  1830. 

British  physicists  did  not  at  first  take  any  leading  p^rt  in  these  plans. 
But  in  1836,  Baron  Humboldt,  who  by  his  long  labors  and  important 
discoveries  in  this  subject  might  be  considered  as  peculiarly  eiititled  to 
nrge  its  claims,  addressed  a  letter  to  the  Duke  of  Sussex,  then  Presi- 
dent of  the  Royal  Society,  asking  for  the  co-operation  of  this  country 
in  so  large  and  hopeful  a  scheme  for  the  promotion  of  science.     The 
Royal  Society  willingly  entertained  this  appeal;  and  the  progress  of 
the  cause  was  still  further  promoted  when  it  was  zealously  taken  up 
hy  the  British  Association  for  the  Advancement  of  Scientie,    assern- 
Wed  at  Newcastle  in  1838.     The  Association  there  expressed  its  strong 
interest  in  the  German  system  of  magnetic  observations ;  and  at  the 
instigation  of  this  body,  and  of  the  Royal  Society,  four  complete  mag- 
netical  observatories  were  established  by  the  British  government,  at 
Toronto,  St.  Helena,  the  Cape  of  Good  Hope,  and  Van   Diemen's 
A-^nd.    Tlie  munificence  of  the  Directors  of  the  East  India  Company 
rounded  and  furnished  an  equal  number  at  Simla  (in  the  Ilimalayah), 
■^adra%  Bombay,  and  Sincapore.     Sir  Thomas  Brisbane  added  anothei 
^t  his  own  expense  at  Kelso,  in  Scotland.     Besides  this,  the  govern- 
ment sent  out  a  naval  expedition  to  make  discoveries  (magnetie  among 
others),  in  the  Antarctic  regions,  under  the  command  of  Sir  James 
Ros8.    Other  states  lent  their  assistance  also,  and  founded  or  reorga- 
^^dthoir  magnetic  observatories.     Besides  those  already  mentioned, 
one  was  established  by  the  French  government  at  Algiers;  one  by 
^he  Bel<rian,  at  Brussels ;  two  by  Austria,  at  Prague  and  !Milan  ;  one  by 
"nissia,  at  Brcslau ;  one  by  Bavaria,  at  Munich  ;  one  by  Spain,  at 
^adiz;  there  are  two  in  the  United  States,  at  Philadelphia  and  Cam- 
htidge;  one  at  Cairo,  founded  by  the  Pasha  of  Egypt ;  and  in  India,  one 
*t  Trevandnim,  established  by  the  Rajah  of  Travancorc ;  and  one  by 
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tho  King  of  Oudc,  at  Lacknow.  At  all  these  distant  stations  the 
same  plan  was  followed  out,  by  observations  strictly  simultaneous; 
made  according  to  the  same  methods,  with  the  same  instrumental 
means.  Such  a  scheme,  combining  world-wide  extent  with  the  single- 
ness of  action  of  an  individual  mind,  is  hitherto  without  parallel. 

At  first,  the  British  stations  were  established  for  three  years  only ; 
but  it  was  thouglit  advisable  to  extend  this  period  three  years  longer, 
to  end  in  1845.  And  when  the  termination  of  that  period  arrived,  a 
discussion  was  held  among  the  magncticians  themselves,  whether  it 
was  better  to  continue  the  observations  still,  or  to  examine  and  com- 
pare the  vast  mass  of  observations  already  collected,  so  as  to  see  to 
what  results  and  improvements  of  methods  they  pointed.  This  ques- 
tion was  argued  at  the  meeting  of  the  British  Association  at  Cam- 
bridge in  that  year ;  and  the  conference  ended  in  the  magncticians 
requesting  to  have  the  observations  continued,  at  some  of  the  observa- 
tories for  an  indefinite  period,  at  others,  till  the  year  1848.  In  the 
mean  time  the  Antarctic  expedition  had  brought  back  a  rich  store  of 
observations,  fitted  to  disclose  the  magnetic  condition  of  those  regions 
which  it  had  explored.  These  were  discussed^  and  their  results  exhi- 
bited, in  the  Philosophical  Transactions  for  1843,  by  Col.  Sabine, 
who  had  himself,  at  various  periods,  made  magnetic  observations  in 
the  Arctic  regions,  and  in  several  remote  parts  of  the  globe,  and  had 
always  been  a  zealous  laborer  in  tliis  fruitful  field.  The  general  mass 
of  the  observations  was  placed  under  the  management  of  Professor 
Lloyd,  of  Dublin,  who  has  enriched  the  science  of  magnetism  with 
several  valuable  instruments  and  methods,  and  who,  along  with  Col. 
Sabine,  made  a  magnetic  survey  of  the  British  Isles  in  1835  and 
1830. 

I  do  not  dwell  upon  magnetic  surveys  of  various  countries  made  by 
many  excellent  observers ;  as  MM.  Quctelct,  Forbes,  Fox,  Bache  and 
othere. 

The  facts  observed  at  each  station  were,  the  intensity  of  tho  mag- 
netic force ;  the  declination  of  the  needle  from  the  meridian,  some- 
times called  the  variation;  and  its  inclination  to  the  horizon,  the 
dip  ; — or  at  least,  some  elements  equivalent  to  these.  The  values  of 
these  elements  at  any  given  time,  if  known,  can  be  expressed  by 
charts  of  the  earth's  surface,  on  which  are  drawn  the  isodynamicj  isa- 
gonal,  and  isoclinal  curves.  The  second  of  these  kinds  of  charts  con- 
tain the  "  Halleian  lines"  spoken  of  in  a  previous  page.  Moreover 
the  magnetic  elements  at  each  place  are  to  be  observed  in  such  a 
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tnanner  as  to  detennine  both  their  periodical  variations  (the  changes 
^hich  occur  in  the  period  of  a  day,  and  of  a  year),  the  secular 
changes,  as  the  gradual  increase  or  diminution  of  the  declination  at 
the  same  place  for  many  years ;  and  the  irregular  fluctuations  which, 
as  ¥6  have  said,  are  simultaneous  over  a  large  part,  or  the  whole,  of 
the  earth's  surface. 

When  these  Facts  have  been  ascertained  over  tlie  whole  extent  of 
the  earth's  surface,  we  shall  still  have  to  inquire  what  is  the  Cause  of 
tiie  changes  in  the  forces  which  these  phenomena  disclose.  But  as  a 
hasis  for  all  speculation  on  that  subject,  we  must  know  the  law  of  the 
phenomena,  and  of  the  forces  which  immediately  produce  them.  I 
ht?e  already  said  that  Euler  tried  to  account  for  the  Ilalleian  .'ines 
hy  means  of  two  magnetic  "  poles,"  but  that  M.  Hanstecn  conceived  it 
necessary  to  assume /owr.  But  an  entirely  new  light  has  been  thrown 
^n  this  subject  by  the  beautiful  investigations  of  Gauss,  in  liis 
Tktory  of  Terrestrial  Magnetism,  published  in  1839.  lie  remarks 
that  the  terra  "  poles,"  as  used  by  his  predecessors,  involves  an  as- 
sumption arbitrary,  and,  as  it  is  now  found,  false ;  namely,  that  cer- 
tain definite  points,  two,  four,  or  more,  acting  according  to  the  laws 
of  ordinary  magnetical  poles,  will  explain  the  phenomena.  lip  starts 
from  a  more  comprehensive  assumption,  that  magnetism  is  distributed 
throughout  the  mass  of  the  earth  in  an  unknown  manner.  On  this 
assumption  he  obtains  a  function  F,  by  the  differentials  of  which  the 
elements  of  the  magnetic  force  at  any  point  will  be  expressed.  This 
ronction  V  is  well  known  in  physical  astronomy,  and  is  obtained 
oy  summing  all  the  elements  of  magnetic  force  in  each  particle,  each 
"^^tiplicd  by  the  reciprocal  of  its  distance ;  or  as  we  may  express 
't»  bj  taking  the  sum  of  each  clement  and  its  proximity  jointly. 
Sence  it  has  been  proposed**  to  term  this  function  the  ^^ integral 
potimilt/^''  of  the  attracting  mass.*^     By  using  the  most  refined  ma- 


"  Quart.  Rev.  No.  131,  p.  283. 
The  function  V  is  of  constant  occurrence  in  investigations  respecting 
*ttractionB.  It  is  introduced  by  Laplace  in  his  investigations  respecting  the 
*^traction8  of  spheroids,  Mcc.  Cel.  Livr.  in.  Art  4.  Mr.  Green  and  Professor 
Mac  Cnllagh  have  proposed  to  term  this  function  the  Potential  of  the  system ; 
l^t  tliis  term  (though  suggested,  I  suppose,  by  analogy  with  the  substantive 
^^poneniid)^  does  not  appear  convenient  in  its  form.  On  the  other  hand,  the 
^*n^  Integral  Proximity  does  not  indicate  that  wliich  gives  the  function  its 
Peculiar  claim  to  distinction ;  namely,  that  its  differentials  express  the  power 
or  attraction  of  tlie  system.  Perhaps  Integral  Potentiality,  or  Integral  Attrac- 
^"^If,  would  be  a  term  combining  the  recommendations  of  both  the  others. 


230  HISTORY  OP  MAGNETISM. 

thcmatical  artifices  for  deducing  the  values  of  V  and  its  different 
in  converging  series,  he  is  able  to  derive  the  coefficients  of  these  se 
from  the  observed  magnetic  elements  at  certain  places,  and  hence 
calculate  them  for  all  places.  The  com]^Arison  of  the  calculation  n 
the  observed  results  is,  of  course,  the  test  of  the  truth  of  the  theory 

The  degree  of  convergence  of  the  series  depends  upon  the  unkno 
distribution  of  magnetism  within  the  earth.  "  If  we  could  venture 
assume,"  says  M.  Gauss,  "  that  the  members  have  a  sensible  influe 
only  as  far  as  the  fourth  order,  complete  observations  from  eight  poi 
would  be  sufficient,  theoretically  considered,  for  the  determination, 
the  coefficients."  And  under  cci-tain  limitations,  making  this  assui 
tion,  as  the  best  we  can  do  at  present,  M.  Gauss  obtains  from  ei 
places,  24  coefficients  (each  supplying  three  elements),  and  hence 
culates  the  magnetic  elements  (intensity,  variation  and  dip)  at 
places  in  all  parts  of  the  earth.  He  finds  his  calculations  appro 
the  observed  values  with  a  degree  of  exactness  which  appears  to 
quite  convincing  as  to  the  general  truth  of  his  results;  especi 
taking  into  account  how  entirely  unlimited  is  his  original  hypothea 

It  is  one  of  the  most  curious  results  of  this  investigation  "■ 
according  to  the  most  simple  meaning  which  we  can  give  to  the  ti 
"pole"  the  earth  has  only  ttro  magnetic  poles;  that  is,  two  pa 
where  the  direction  of  the  magnetic  force  is  vertical.  And  thua 
isogonal  curves  may  be  looked  upon  as  deformations  of  the  ca 
deduced  by  Euler  from  the  supposition  of  two  poles,  the  defonni 
arising  from  this,  that  the  earth  does  not  contain  a  single  deS 
magnet,  but  irregularly  difiused  magnetical  elements,  which  still  1: 
collectively  a  distinct  resemblance  to  a  single  magnet.  And  insl 
of  Ilansteen's  Siberian  pole,  we  have  a  Siberian  region  in  which, 
needles  converge ;  but  if  the  apparent  convergence  be  pursued  it 
where  comes  to  a  point;  and  the  like  is  the  case  in  the  Antai 
region.  When  the  24  Gaussian  elements  at  any  time  are  knowm 
magnetic  condition  of  the  globe  is  known,  just  as  the  mechanical  < 
dition  of  the  solar  system  is  known,  when  we  know  the  element 
the  orbits  of  the  satellites  and  planets  and  the  mass  of  each.  ^ 
the  comparison  of  this  magnetic  condition  of  the  globe  at  di» 
periods  of  time  cannot  fail  to  supply  materials  for  future  resear< 
and  speculations  with  regard  to  the  agencies  by  which  the  condi 
of  the  earth  is  determined.  The  condition  of  which  we  here  sf 
must  necessarily  be  its  meckanico-chemical  condition,  being  expressed 
it  will  be,  in  terms  of  the  mechanico-chemical  sciences.     The  inr 
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gattioDs  I  have  been  describing  belong  to  the  mechanical  side  of  the  8ul«> 

ject :  but  when  philosophers  have  to  consider  the  causes  of  the  secular 

ohanges  which  are  found  to  occur  in  this  mechanical  condition,  they 

cannot  fail  to  be  driven  to  electrical,  that  is,  chemical  agencies  and  laws. 

I  can  only  allude  to  Gauss's  investigations  respecting  the  Absolute 

J£easure  of  the  Earth's  Magnetic  Force.    To  determine  the  ratio  of 

the  magnetic  force  of  the  earth  to  that  of  a  known  magnet,  Poisson 

proposed  to  observe  the  time  of  vibration  of  a  second  magnet.     The 

method  of  Gauss,  now  universally  adopted,  consists  in  observing  the 

position  of  equilibrium  of  the  second  magnet  when  deflected  by  the  first. 

The  manner  in  which  the  business  of  magnetic  observation  has  been 

taken  up  by  the  governments  of  our  time  makes  this  by  far  the 

greatest  scientific  undertaking  which  the  world  has  ever  seen.     The 

result  will  be  that  we  shall  obtain  in  a  few  years  a  knowledge  of  the 

magnetic  constitution  of  the  earth  which  otherwise  it  might  have 

required  centuries  to   accumulate.     The  secular  magnetic  changes 

must  still  require  a  long  time  to  reduce  to  their  laws  of  phenomena, 

except  observation  be  anticipated  or  assisted  by  some  happy  discovery 

as  to  the  cause  of  these  changes.     I5ut  besides  the  special  gain  to 

niagnetic  science  by  this  great  plan  of  joint  action  among  the  nations 

o^  the  earthp  there  is  thereby  a  beginning  made  in  the  recognition 

and  execution  of  the  duty  of  forwarding  science  in  general  by  national 

exertions.     For  at  most  of  the  magnetic  observatories,  meteorological 

observations  are  also  carried  on;  and  such  observations,  being  far 

^otq  extensive,  systematic,  and  permanent  than  those  which  have 

^^ally  been  made,  can  hardly  fail  to  produce  important  additions  to 

*^^ence.     But  at  any  rate  they  do  for  science  that  which  nations  can 

^>  and  individuals  cannot ;  and  tliey  seek  for  scientific  truths  in  a 

^^nncr  suitable  to  the  respect  now  professed  for  science  and  to  the 

^^'^gress  which  its  methods  have  made.     Nor  are  we  to  overlook  the 

^'^ct  of  such  observations  as  means  of  training  men  in  the  pursuit  of 

^^^<itice,     "  There  is  amongst  us,"  says  one  of  the  magnetic  observers, 

*   growing  recognition  of  the  importance,  botli  for  science  and  for 

•^^"^ctical  life,  of  forming  exact  observers  of  nature.     Hitherto  astro- 

^on^y  alone  has  afforded  a  very  partial  opportunity  for  the  fonnation 

^  fine  observers,  of  which  few  could  avail  themselves.     Experience 

^^s  shown  that  magnetic  observations  may  serve  as  excellent  training 

^^licols  in  this  respect."  "] 


"  Letter  of  W.  Weber,  nrit.  Assoc.  Rep.  1845,  p.  17. 
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The  various  other  circumstances  which  terrestritl  ma^etdsm  ex- 
hibits,— the  diurnal  and  annual  changes  of  the  position  of  tho  compass- 
needle ; — the  larger  secular  change  which  affecta  it  in  the  coQrse  of 
years ; — the  difference  of  intensity  at  different  places,  and  other  factSi 
have  naturally  occupied  philosophers  with  the  attempt  to  determine, 
both  the  laws  of  the  phenomena  and  their  causes.  But  these  attempts 
necessarily  depend,  not  upon  laws  of  statical  magnetism,  such  as  they 
have  been  explained  above  ;  but  upon  tho  laws  by  which  the  produc- 
tion and  intensity  of  magnetism  in  different  cases  are  regulated; — 
laws  which  belong  to  a  different  province,  and  are  related  to  a  different 
set  of  principles.  Thus,  for  example,  we  have  not  attempted  to 
explain  the  discovery  of  the  laws  by  which  heat  influences  mag- 
netism;  and  therefore  we  cannot  now  give  an  account  of  those 
theories  of  the  facts  relating  to  terrestrial  magnetism,  which  depend 
upon  the  influence  of  temperature.  The  conditions  of  excitation  of 
magnetism  are  best  studied  by  comparing  this  force  with  other  cases 
where  the  same  effects  are  produced  by  very  different  apparent  agen- 
cies ;  such  as  galvanic  and  thermo-electricity.  To  the  history  of  these 
we  shall  presently  proceed. 

Conchmon. — The  hypothesis  of  magnetic  fluids,  as  physical  reali- 
ties, was  never  widely  or  strongly  embraced,  as  that  of  electric  fluids 
was.  For  though  the  hypothesis  accounted,  to  a  remarkable  degree 
of  exactness,  for  largo  classes  of  the  phenomena,  the  presence  of  a 
material  fluid  was  not  indicated  by  facts  of  a  different  kind,  such  as 
the  spark,  the  discharge  from  points,  the  shock,  and  its  mechanical 
effects.  Thus  the  belief  of  a  peculiar  magnetic  fluid  or  fluids  was  not 
forced  upon  men's  minds ;  and  the  doctrine  above  stated  was  probably 
entertained  by  most  of  its  adherents,  chiefly  as  a  means  of  expressing 
the  laws  of  phenomena  in  their  elementary  form. 

One  other  observation  occurs  here.  We  have  seen  that  the  suppo- 
sition of  a  fluid  moveable  from  one  part  of  bodies  to  another,  and 
capable  of  accumulation  in  different  parts  of  the  surface,  appeared  at 
first  to  be  as  distinctly  authorized  by  magnetic  as  by  electric  phenome- 
na; and  yet  that  it  afterwards  appeared,  by  calculation,  that  this  must 
be  considered  as  a  derivative  result ;  no  real  transfer  of  fluid  taking 
place  except  within  the  limits  of  the  insensible  particles  of  the  body. 
Without  attempting  to  found  a  formula  of  philosophizing  on  this  cir- 
?.umstance,  we  may  observe,  that  this  occurrence,  like  the  disproof  of 
heat  as  a  material  fluid,  shows  the  possibility  of  an  hypothesis  which 
shall  veiy  exactly  satisfy  many  phenomena,  and  yet  be  incomplete  :  it 
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diowB^  too,  the  necessity  of  bringing  &ct8  of  all  kinds  to  bear  on  the 
bypothesis ;  thus,  in  this  case  it  was  requisite  to  take  into  account  the 
&ct&  of  junction  and  separation  of  magnetic  bodies,  as  well  as  their 
attnctioDs  and  repulsions. 

If  we  have  seen  reason  to  doubt  the  doctrine  of  electric  fluids  as 

piiyiicil  realities,  we  cannot  help  pronouncing  upon  the  magnetic  fluids 

MhTiog  still  more  insecure  claims  to  a  material  existence,  even  on 

the  groands  just  stated.    But  we  may  add  considerations  still  more 

dednre ;  for  at  a  further  stage  of  discovery,  as  we  shall  see,  magnetic 

and  electric  action  were  found  to  be  connected  in  the  closest  manner, 

so  as  to  lead  to  the  persuasion  of  their  being  different  cflects  of  one 

common  cause.    After  those  discoveries,  no  philosopher  would  dream 

of  sasoming  electric  fluids  and  magnetic  fluids  as  two  distinct  material 

agente.    Yet  even  now  the  nature  of  tlie  dependence  of  magnetism 

npon  any  other  cause  is  extremely  difficult  to  conceive.    But  till  we 

Ittve  noticed  some  of  the  discoveries  to  which  we  have  alluded,  we 

cannot  even  speculate  about  that  dependence.     Wo  now,  therefore, 

proceed  to  sketch  the  history  of  these  discoveries. 
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Percussse  gelido  trepidant  sub  pectore  fibne, 

£t  nova  desuctis  subrepens  vita  medullls 

Miscetur  morti :  tunc  omnis  palpitat  artus 

Tenduntur  nervi ;  noc  se  tellure  cadaver 

Paullatim  per  membra  levat ;  terrilqne  repulsum  eet 

Erectumquc  simul.  ^uCiiN.  vi.  752. 

llie  form  which  lay  before  inert  and  dead, 
Sudden  a  piercing  thrill  of  change  o'erspread  ; 
Returning  life  gleams  in  the  stony  face, 
The  fibres  quiver  and  the  sinews  brace, 
Move  the  stiff  limbs  ;— nor  did  the  body  rise 
With  tempered  strength  which  genial  life  suppliei^ 
But  upright  starting,  its  full  stature  held. 
As  though  the  earth  the  supine  corse  repelled. 


CHAPTER  I. 

Disco  VKBY  of  Voltaic  Electricity. 

WE  have  given  the  name  of  mechanico-chemical  to  the  class  of 
"  sciences  now  under  our  consideration ;  for  these  sciences  are  con- 
cerned with  cases  in  which  mechanical  effects,  that  is,  attractions  and 
lepokions,  are  produced  ;  while  the  conditions  under  which  these 
effects  occur,  depend,  as  we  shall  hereafter  see,  on  chemical  relations. 
In  that  branch  of  these  sciences  which  we  have  just  treated  of,  Magnet- 
ian,  tho  mechanical  phenomena  were  obvious,  but  their  connexion  with 
diemical  causes  was  by  no  means  apparent,  and,  indeed,  has  not  yet 
come  under  our  notice. 

The  subject  to  which  we  now  proceed,  Galvanism,  belongs  to  the 
Mune  group,  but,  at  first  sight,  exhibits  only  the  other,  the  chemical, 
portion  of  the  features  of  the  class  ;  for  the  connexion  of  galvanic  phe- 
nomena with  chemical  action  was  soon  made  out,  but  the  mechanical 
effects  which  accompany  them  were  not  examined  till  the  examination 
▼as  required  by  a  new  train  of  discovery.     It  is  to  be  observed,  that  I 
do  not  include  in  the  class  of  mechanical  effects  the  convulsive  motions 
in  the  limbs  of  animals  which  are  occasioned  by  galvanic  action ;  for 
these  movements  are  produced,  not  by  attraction  and  repulsion,  but  by 
muscular  irritability  ;   and  though  they  indicate  the   existence  of  a 
peculiar  agency,  cannot  be  used  to  measure  its  intensity  and  Jaw. 

The  various  examples  of  the  class  of  agents  which«ve  here  consider, 
— magnetism,  electricity,  galvanism,  electro-magnetism,  thermo-electri- 
dty, — differ  from  each  other  principally  in  the  circumstances  by  which 
they  are  called  into  action  ;  and  these  differences  arc  in  reality  of  a 
chemical  nature,  and  will  have  to  be  considered  when  wo  come  to  treat 
of  the  inductive  steps  by  which  the  general  principles  of  chenncal 
theory  arc  established.  In  the  present  part  of  our  task,  therefore,  we 
must  take  for  granted  the  chemical  conditions  on  which  the  excitation 
of  these  various  kinds  of  action  depends,  and  trace  the  history  of  tlie 
discovery  of  their  mechanical  laws  only.  This  rule  will  much  abridge 
the  account  we  have  here  to  give  of  the  progress  of  discovery  in  the 
provinces  to  which  I  have  just  referred. 


238  HISTORY  OF  GALVANISM. 

The  first  step  in  this  career  of  discovery  was  that  made  by  Galvi 
l^rofessor  of  Anatomy  at  Bologna.  In  1790,  electricity,  as  an  exp 
mental  science,  was  nearly  stationary.  The  impulse  given  to  its  f 
gress  by  the  splendid  phenomena  of  the  Leyden  phial  had  almost  d 
away ;  Coulomb  was  employed  in  systematizing  the  theory  of  the  d 
trie  fluid,  as  shown  by  its  statical  effects ;  but  in  all  the  other  parts 
the  subject,  no  great  principle  or  new  result  had  for  some  time  bi 
detected.  The  first  announcement  of  Galvani's  discovery  in  17 
excited  great  notice,  for  it  was  given  forth  as  a  manifestation  of  d 
tricity  under  a  new  and  remarkable  character ;  namely,  as  residing 
the  muscles  of  animals.*  The  limbs  of  a  dissected  frog  were  observ 
to  move,  when  touched  with  pieces  of  two  different  metals ;  the  ag< 
which  produced  these  motions  was  conceived  to  be  identified  wl 
electricity,  and  was  termed  animal  electricity  ;  and  Galvani's  expa 
ments  were  repeated,  with  various  modifications,  in  all  parts  of  Earo| 
exciting  much  curiosity,  and  giving  rise  to  many  speculations. 

It  is  our  business  to  determine  the  character  of  each  great  discon 
which  appears  in  the  progress  of  science.  Men  are  fond  of  repeati 
that  such  discoveries  are  most  commonly  the  result  of  accident ;  ■ 
we  have  seen  reason  to  reject  this  opinion,  since  that  preparation 
thought  by  which  the  accident  produces  discovery  is  the  most  imp* 
tant  of  the  conditions  on  which  the  successful  event  depends.  Sc 
accidents  are  like  a  spark  which  discharges  a  gun  already  loaded  m 
pointed.  In  the  case  of  Galvani,  indeed,  the  discovery  may,  with  nw 
propriety  than  usual,  be  said  to  have  been  casual ;  but  in  the  f<^ 
in  which  it  was  fii"st  noted,  it  exhibited  no  important  novelty.  1 
frog  was  lying  on  a  table  near  the  conductor  of  an  electrical  machi 
and  the  convulsions  appeared  only  when  a  spark  was  taken  from  i 
machine.  If  Galt-ani  had  been  as  good  a  physicist  as  he  was  an  ans 
mist,  he  would  probably  have  seen  that  the  movements  so  occasioD 
proved  only  that  the  muscles  or  nerves,  or  the  two  together,  fbrmec 
very  sensitive  indicator  of  electrical  action.  It  was  when  he  prodnc 
such  motions  by  contact  of  metals  alone,  that  he  obtained  an  impc 
tant  and  fundamental  fact  in  science. 

The  analysis  of  this  fact  into  its  real  and  essential  conditions  n 
the  work  of  Alexander  Volta,  another  Italian  professor.  Volta,  ind« 
possessed  that  knowledge  of  the  subject  of  electricity  which  mad« 
hint  like  that  of  Galvani  the  basis  of  a  new  science.     Galvani  appe 


*  De  Viribut  Eleciricia  in  Motu  Musculari     Comm.  Bonon.  t  vii.  179^ 
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i\ever  to  have  acquired  much  general  knowledge  of  electricity :  Volta 
OB  the  other  hand,  had  labored  at  this  branch  of  knowledge  from  the 
•ge  of  eighteen,  through  a  period  of  nearly  tl  jrty  years ;  and  had  in- 
vented an  electrophorus  and  an  electrical  co7idenscr,  which  showed  great 
experimental  skill.  When  he  turned  his  attention  to  the  experiments 
made  by  Galvani,  he  observed  that  the  author  of  them  had  been  far 
more  surprised  than  he  needed  to  be,  at  those  results  in  which  an 
dectrical  spark  was  produced ;  and  that  it  was  only  in  the  cases  in 
which  no  such  apparatus  was  employed,  that  the  observations  could 
justly  be  considered  as  indicating  a  new  law,  or  a  new  kind  of  elec- 
tricity.' He  soon  satisfied  himself*  (about  1794)  that  the  essential  con- 
<iition8  of  this  kind  of  action  depended  ou  the  metals ;  that  it  is  brought 
into  play  most  decidedly  when  two  different  metals  touch  each  other, 
ttd  arc  connected  by  any  moist  body ; — and  that  the  parts  of  animals 
^hich  had  been  used  discharged  the  office  both  of  such  moist  bodies, 
and  of  very  sensitive  electrometers.  Tlie  animal  electricity  of  Galvani 
roight,  he  observed,  be  with  more  propriety  called  mctalUc  electricity. 

The  recognition  of  this  agency  as  a  peculiar  kind  of  f/^c/Wr//y,  arose 
in  part  perhaps,  at  first,  from  the  confusion  made  by  Galvani  between 
the  cases  in  which  his  electrical  machine  was,  and  those  in  wljch  it 
*as  not  employed.  But  the  identity  was  confirmed  by  its  being  found 
^t  the  known  diflference  of  electrical  conductors  and  non-conductors 
f^ated  the  conduction  of  the  new  influence.  The  more  exact  deter- 
''iination  of  the  new  facts  to  those  of  electricity  was  a  succeeding  step 
^  the  progress  of  the  subject. 

The  term  "animal  electricity"  has  been  superseded  by  others,  of 
^Wi  (fdlvanism  is  perhaps  the  most  familiar.  I  think  it  will  appear 
trom  what  has  been  said,  that  Volta's  office  in  this  discovery  is  of  a 
'^Qch  higher  and  more  philosophical  kind  than  that  of  Galvani ;  and 
^^'oukl,  on  this  account,  be  more  fitting  to  employ  the  term  voltaic 
fhtricity ;  which,  indeed,  is  very  commonly  used,  especially  by  our 
most  recent  and  comprehensive  writers. 

Volta  more  fully  still  established  his  claim  as  the  main  originator  of 

this  science  by  his  next  step.     When  some  of  those  who  repeated  the 

experiments  of  Galvani  had  expressed  a  wish  that  there  was  some 

method  of  multiplying  the  effect  of  this  electricity,  such  as  the  Leyden 

phial  supplies  for  common  electricity,  they  probably  thought  their 

Irishes  far   from   a  realization.     But   the    voltaic  pile,   which  Volt/i 


•  PhU,  Tram.  1793,  p.  21.  '  Sec  Fischer,  viil  625. 
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described  in  the  Philosophical  Transactions  for  1800,  compli 
satisfies  this  aspiration  ;  and  was,  in  fact,  a  more  important  Btcp  in 
history  of  electricity  than  the  Leyden  jar  had  been.  It  has  i 
undergone  various  modifications,  of  which  the  most  important 
that  introduced  by  Cruikshanks,  who*  substituted  a  trough  for  a 
But  in  all  cases  the  principle  of  the  instrument  was  the  same ; — a 
tinned  repetition  of  the  triple  combination  of  two  metals  and  a  1 
in  contact,  so  as  to  form  a  circuit  which  returns  into  itself. 

Such  an  instrument  is  capable  of  causing  eft'ects  of  great  intena 
as  seen  both  in  the  production  of  light  and  heat,  and  in  chen 
changes.  But  the  discovery  witli  which  we  are  here  concerned,  is 
the  details  and  consequences  of  the  eflfects,  (which  belong  to  < 
mistry,)  but  the  analysis  of  the  conditions  under  which  such  ed 
take  place;  and  this  we  may  consider  as  completed  by  Yolta  at 
epoch  of  which  we  speak. 


CHAPTER  II. 

Reception   and    Confirmation   of   tue   Discovery   of  Vou 

Electricity. 

ftALVAN^S  experiments  excited  a  great  interest  all  over  Europ 
consequence  partly  of  a  circumstance  which,  as  we  have  seen, 
unessential,  the  muscular  contractions  and  various  sensations  wl 
they  occasioned.  Galvani  himself  had  not  only  considered  the  ani 
element  of  the  circuit  as  the  origin  of  the  electricity,  but  had  firaj 
a  theory,*  in  which  he  compared  the  muscles  to  charged  jars,  and 
nerves  to  the  discharging  wires ;  and  a  controversy  was,  for  some  t 
carried  on,  in  Italy,  between  the  adherents  of  Galvani  and  those 
Volta.' 

The  galvanic  experiments,  and  especially  those  which  appeare( 
have  a  physiological  bearing,  were  verified  and  extended  by  a  nun 
of  the  most  active  philosophers  of  Europe,  and  especially  Wil 
von  Humboldt.  A  commission  of  the  Institute  of  France,  appoii 
in  179*7,  repeated  many  of  the  known  experiments,  but  does  not  a 
to  have  decided  any  disputed  points.     The  researches  of  this  com 


*  Fischer,  viil  p.  688.  *  lb.   yiii.  618.  «  lb.  viiL  01«. 
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ftion  referred  rather  to  the  discoveries  of  Galvani  than  to  those  of 
Volta  :  the  latter  were,  indeed,  hardly  known  in  Franco  till  the  con- 
quest of  Italy  by  Bonaparte,  in  1801.    France  was,  at  the  period  of 
thcM  discoveries,  separated  from  all  other  countries  by  war,  and  espe- 
cially from  England,'  where  Volta's  Memoirs  were  published. 

The  political  revolutions  of  Italy  affected,  in  very  different  manners, 
the  two  discoverers  of  whom  we  speak.  Galvani  refused  to  take  an 
oaA  of  allegiance  to  the  Cisalpine  republic,  which  the  French  conqueror 
established;  he  was  consequently  stripped  of  all  his  offices;  and 
deprived,  by  the  calamities  of  the  times,  of  most  of  his  relations,  he 
8Mk  into  poverty,  melancholy,  and  debility.  At  last  his  scientific 
reputation  induced  the  republican  rulers  to  decree  his  restoration  to 
^professorial  chair;  but  his  claims  were  recognised  too  late,  and  he 
&d  without  profiting  by  this  intended  favor,  in  1798. 

Volta,  on  the  other  hand,  was  called  to  Paris  by  Bonaparte  as  a 

fium  of  science,  and  invested  with  honors,  emoluments,  and  titles. 

Bie  conqueror  himself,  indeed,  was  strongly  interested  by  this  train 

'^^  research.*     He  himself  founded  valuable  prizes,  expressly  with  a 

*'Jew  to  promote  its  prosecutiorr.     At  this  period,  there  was  some- 

"^ing  in  this  subject  peculiarly  attractive  to  his  Italian  mind ;  for  the 

"rst  glimpses  of  discoveries  of  great  promise  have  always  excited  an 

^'^thusiastic  activity  of  speculation  in  the  philosophers  of  Italy,  though 

generally  accompanied  with  a  want  of  pr6cise  thought.     It  is  nar- 

'^^ted'  of  Bonaparte,  that  after  seeing  the  decomposition  of  the  salts 

^y  means  of  the  voltaic  pile,  he  turned  to  Corvisart,  his  physician,  and 

J^aid, "Here,  doctor,  is  the  image  of  life;  the  vertebral  column  is  the 

pile,  the  liver  is  the  negative,  the  bladder  the  positive,  pole."     The 

importance  of  voltaic  researches  is  not  less  than  it  was  estimated  by 

^naparte ;  but  the  results  to  which  it  was  to  lead  were  of  a  kind 

altogether  different  from  those  which  thus  suggested  themselves  to 

his  mind.    The  connexion  of  mechanical  and  chemical  action  was  the 

^Tst  great  point  to  be  dealt  with  ;  and  for  this  purpose  the  laws  of  the 

mechanical  action  of  voltaic  electricity  were  to  be  studied. 

It  will  readily  be  supposed  that  the  voltaic  researches,  thus  begun, 
opened  a  number  of  interesting  topics  of  examination  and  discussion. 
'Riese,  however,  it  does  not  belong  to  our  place  to  dwell  upon  at 
Present;  since  they  formed  parts  of  the  theory  of  the  subject,  wliich 


*  %.  Univ.,  art.  Voita,  (by  Biot )    *  Becquerel,  TraiU  ctElcctr.  t.  i.  p.  lOY. 
*lhtlp.  108. 
Vol  IL-_ic. 
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was  not  completed  till  light  had  been  thrown  upon  it  from  o4 
qoarters.  ITie  identity  of  galvanism  with  electricity,  for  instancy  i 
at-first,  as  we  have  intimated,  rather  conjectured  than  proved, 
was  denied  by  Dr.  Fowler,  in  1793  ;  was  supposed  to  be  confirmed 
Dr.  Wells  two  years  later ;  but  was,  still  later,  questioned  by  Di 
The  nature  of  the  operation  of  the  pile  was  variously  concen 
Volta  himself  had  obtained  a  view  of  it  which  succeeding  reseam 
confirmed,  when  he  asserted,'  in  1800,  that  it  resembled  an  eled 
battery  feebly  charged  and  constantly  renewing  its  charge.  In  f 
Buance  of  this  view,  the  common  electrical  action  was,  at  a  1^ 
period  (for  instance  by  Ampere,  in  1820),  called  electrical  Unm 
while  the  voltaic  action  was  called  the  electrical  current^  or  tlmi 
motive  action.  The  diflferent  effects  produced,  by  increasing  the  i 
and  the  number  of  the  plates  in  the  voltaic  trough,  were  also  fl 
remarkable.  The  power  of  producing  heat  was  found  to  depend  i 
the  size  of  the  plates;  the  power  of  producing  chemical  changei^- 
the  other  hand,  was  augmented  by  the  number  of  plates  of  wt 
the  battery  consisted.  The  former  effect  was  referred  to  tlie  increM 
quantityy  the  latter  to  the  intensity^  of  the  electric  fluid.  We  m 
tion  these  distinctions  at  present^  rather  for  the  purpose  of  explain: 
the  language  in  which  tlie  results  of  the  succeeding  investigations 
narrated,  than  with  the  intention  of  representing  the  h3rpothe8es  i 
measures  which  they  imply,  as  clearly  established,  at  the  period 
which  we  speak.  For  that  purpose  new  discoveries  were  requis 
which  we  have  soon  to  relate. 


CHAPTER  III. 


Discovery  of  the  Laws  of  the  Mutual  Attraction  and  Refit 
sioN  OF  Voltaic  Currents. — Ampere. 

IN  order  to  show  the  place  of  voltaic  electricity  among  the  mechani 
chemical  sciences,  we  must  speak  of  its  mechanical  laws  as  separ 
from  the  laws  of  electro-magnetic  action  ;  although,  in  fact,  it  waso: 
in  consequence  of  the  forces  which  conducting  voltaic  wires  exert  iq 
magnets,  that  those  forces  were  detected  which  they  exert  upon  ei 


•  Phil  Tram.  p.  408. 
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<Aer.    His  latter  discovery  was  made  by  M.  Ampere  ;  and  the  extra* 

OT^nary  rapidity  and  sagacity  with  which  he  caught  the  suggestion  of 

well  forces,  from  the  electro-magnetic  experiments  of  M.  Oersted,  (of 

wliicb  we  shall  speak  in  the  next  chapter,)  well  entitle  him  to  be  con- 

ridered  as  a  great  and  independent  discoverer.     As  he  truly  says,'  **  it 

by  no  means  followed,  that  because  a  conducting  wire  exerted  a  force 

OB  a  magnet,  two  conducting  wires  must  exert  a  force  on  each  other 

fef  two  pieces  of  soft  iron,  both  of  which  affect  a  magnet,  do  not  affect 

each  other."     But  immediately  on  the  promulgation  of  Oersted's  ex- 

pffimentB,  in  1820,  Ampere  leapt  forwards  to  a  general  thcor}*  of  the 

ftrtB,  of  which  theory  the  mutual  attraction  and  repulsion  of  conduct- 

isg  voltaic  wires  was  a  fundamental  supposition.     The  supposition  was 

wanediately  verified  by  direct  trial ;  and  the  laws  of  this  attraction 

«Hi  repulsion  were  soon  determined,  with  great  experimental  ingenuity, 

»d  a  very  remarkable  command  of  the  resources  of  analysis.     But 

tbe  experimental  and  analytical  investigation  of  the  mutual  action  of 

^taic  or  electrical  currents,  wj^  so  mixed  up  with  the  examination  of 

the  laws  of  electro-magnetism,  which  had  given  occasion  to  the  inves- 

^gation,  that  we  must  not  treat  the  two  provinces  of  research  as 

•eparate.    The  mention  in  this  place,  premature  as  it  might  appear,  of 

the  labors  of  Ampere,  arises  inevitably  from  his  being  the  author  of  a 

beantifiil  and  comprehensive  generalization,  which  not  only  included 

the  phenomena  exhibited  by  the  new  combinations  of  Oersted,  but 

also  disclosed  forces  which  existed  in  arrangements  already  familiar, 

although  they  had  never  been  detected  till  the  theory  pointed  out  how 

they  were  to  be  looked  for. 


CHAPTER  IV. 

Discovery  op  IiIlectuo-magnetic  Action. — Oersted. 

'pffi  impulse  which  the  discovery  of  galvanism,  in  IVOI,  and  that 

of  the  voltaic  pile,  in  1800,  had  given  to  the  study  of  electricity  as 

*  "mechanical  science,  had  nearly  died  away  in  1820.     It  was  in  that 

year  that  M.  Oersted,  of  Copenhagen,  announced  that  the  conducting 


*  TkcorU  des  PfUnom.  Eleetrodf/namiques,  p.  113. 
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wire  of  a  voltaic  circuit,  acts  upon  a  magnetic  needle  ;  and  thi 
called  into  activity  that  endeavor  to  connect  magnetism  with  el 
city,  which,  though  apparently  on  many  accounts  so  hopeful, 
hitherto  "been  attended  with  no  success.  Oersted  found  that  the  n« 
has  a  tendency  to  place  itself  at  right  angles  to  the  wire ; — a  kiii< 
action  altogether  different  from  any  which  had  been  suspected. 

This  obsen^ation  was  of  vast  importance  ;  and  the  analysis  of  its* 
ditions  and  consequences  employed  the  best  philosophers  in  Em 
immediately  on  its  promulgation.  It  is  impossible,  without  great 
justice,  to  refuse  great  merit  to  Oersted  as  the  author  of  the  disco? 
We  have  already  said  that  men  appear  generally  inclined  to  bd 
remarkable  discoveries  to  be  accidental,  and  the  discovery  of  Oer 
has  been  spoken  of  as  a  casual  insulated  experiment.*  Yet  Oersted 
been  looking  for  such  an  accident  probably  more  carefully  and  p( 
veringly  than  any  other  person  in  Europe.  In  1807,  he  had  ] 
lished  •  a  work,  in  which  he  professed  that  his  purpose  was  "  to  ai 
tain  whether  electricity,  in  its  most  latent  state,  had  any  effect  on 
magnet."  And  he,  as  I  kndw  from  Ifls  own  declaration,  consid 
his  discovery  as  the  natural  sequel  and  confirmation  of  his  c 
researches ;  as,  indeed,  it  fell  in  readily  and  immediately  with  sp 
lations  on  these  subjects  then  very  prevalent  in  Germany.  It  wai 
accident  like  that  by  which  a  man  guesses  a  riddle  on  which  his  n 
has  long  been  employed. 

Besides  the  confirmation  of  Oersted's  observations  by  many  ex] 
raenters,  great  additions  were  made  to  his  facts :  of  tliese,  one  of 
most  important  was  due  to  Ampere.  Since  the  earth  is  in  fact  n 
netic,  the  voltaic  wire  ought  to  be  affected  by  terrestrial  magnet 
alone,  and  ought  to  tend  to  assume  a  position  depending  on 
position  of  the  compass-needle.  At  firsts  the  attempts  to  proc 
this  effect  failed,  but  soon,  with  a  more  delicate  apparatus,  the  re 
was  found  to  agree  with  the  anticipation. 

It  is  impossible  here  to  dwell  on  any  of  the  subsequent  researc 
except  so  far  as  they  are  essential  to  our  great  object^  the  prog 
towards  a  general  theory  of  the  subject.  I  proceed,  therefore,  im 
diately  to  the  attempts  made  towards  this  object. 


*  See  ScMling  wber  Faradatft  Entdeckuny,  p.  27.  '  Ampdre,  pb  % 
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CHAPTER  V. 

BiSCOTSRY    OF   THE    LaWS    OF   ELECTROMAGNETIC    ACTICN. 

/|N  attempting  to  analyse  the  electro-magnetic  phenomena  observed 
"  by  Oersted  and  others  into  their  simplest  forms,  they  appeared,  at 
feast  at  first  sight,  to  be  different  from  any  mechanical  actions  which 
"Ud  yet  been  observed.  It  seemed  as  if  the  conducting  wire  exerted  on 
Ae  pole  of  the  magnet  a  force  which  was  not  attractive  or  repulsive, 
bat  transverse  ; — not  tending  to  draw  the  point  acted  on  nearer,  or  to 
push  it  further  oflf,  in  the  line  which  reached  from  the  acting  point,  but 
urging  it  to  move  at  right  angles  to  this  line.  Tlie  forces  appeared  to 
be  sach  as  Kepler  had  dreamt  of  in  the  infancy  of  mechanical  con- 
ceptions ;  rather  than  such  as  tliosc  of  wliich  Newton  had  established 
tbe  existence  in  the  solar  system,  and  sucli  as  ho,  and  all  his  sncccj-sors, 
bad  supposed  to  be  the  only  kinds  of  force  which  exist  in  nature. 
'Hie  north  pole  of  the  needle  moved  as  if  it  were  impelled  by  a  vortex 
revoking  round  the  wire  in  one  direction,  while  the  south  polo  seemed 
to  be  driven  by  an  opposite  vortex.  The  case  seemed  novel,  and 
alnaost  paradoxical. 

It  was  soon  established  by  experiments,  made  in  a  great  variety  of 
forms,  that  the  mechanical  action  was  really  of  this  transverse  kind. 
A.iid  a  curious  result  was  obtained,  which  a  little  while  before  would 
nave  been  considered  as  altogether  incredible  ; — that  this  force  would 
c^iise  a  constant  and  rapid  revolution  of  either  of  the  bodies  about  the 
other;— of  the  conducting  wire  about  the  magnet,  or  of  the  magnet 
about  the  conducting  wire.  This  was  effected  by.  Mr.  f^araday  in 
1821. 

The  laws  which  regulated  the  intensity  of  this  force,  with  reference 
^  tbe  distance  and  postiion  of  the  bodies,  now  naturally  came  to  be 
^^DQJned.  MM.  Biot  and  Savart  in  France,  and  Mr.  Barlow  in  Eng- 
*^d,  instituted  such  measures ;  and  satisfied  thomselvos  that  the  ele- 
mentary force  followed  the  law  of  magnitude  of  all  known  elementary 
lorces,  in  being  inversely  as  the  square  of  the  distance ;  although,  in 
|lfi  direction,  it  was  so  entirely  different  from  other  forces.  ]>ut  the 
investigation  of  tlie  laxos  of  phenomena  of  the  subject  was  too  closely 
connected  with  the  choice  of  a  mechanical  theory,  to  be  established 
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previously  and  independently,  as  had  been  done  in  astronomy, 
experiments  gave  complex  results,  and  the  analysis  of  these  into   ^ 
elementary  actions  was  almost  an  indispensable  step  in  order  to  dii 
tangle  their  laws.     We  must,  therefore,  state  the  progress  of  i 
analysis. 


CHAPTER  VI. 
TuEORv  OF  Electrodynamical  Action. 

AMPERE'S  Theory. — Nothing  can  show  in  a  more  striking  ma*'"' 
the  advanced  condition  of  physical  speculation  in  1820,  than  * 
reduction  of  the  strange  and  complex  phenomena  of  clectromagne't^ 
to  a  simple  and  general  theory  as  soon  as  tlicy  were  published.  * 
stead  of  a  gradual  establishment  of  laws  of  phenomena,  and  of  thec^"^ 
more  and  more  perfect,  occupying  ages,  as  in  the  case  of  astronc^ 
or  generations,  as  in  the  instances  of  magnetism  and  electricity,  a  ^ 
months  sufficed  for  the  whole  process  of  generalization  ;  and  the  * 
periments  made  at  Copenhagen  were  announced  at  Paris  and  Lon^  "^ 
almost  at  the  same  time  with  the  skilful  analysis  and  comprehcn^^ 
inductions  of  Ampere. 

Yet  we  should  err  if -we  should  suppose,  from  the  celerity  i^ 
which  the  task  was  executed,  that  it  was  an  easy  one.  There  ir"  ' 
required  in  the  author  of  such  a  theory,  not  only  those  clear  conc^- 
tions  of  the  relations  of  space  and  force,  which  are  the  first  cor^ 
tions  of  all  sound  theory,  and  a  full  possession  of  the  experiment 
but  also  a  masterly  command  of  the  mathematical  arms  by  wh^ 
alone  the  victory  could  be  gained,  and  a  sagacious  selection  of  pro-JI 
experiments  which  might  decide  the  fate  of  the  proposed  hyjJothc^ 

It  is  trae,  that  the  nature  of  the  requisite  hypothesis  was  not  d^ 
cult  to  see  in  a  certain  vague  and  limited  way.  The  conducting-i^ 
and  the  magnetic  needle  had  a  tendency  to  arrange  themselves  atri^ 
angles  to  one  another.  Tliis  might  be  represented  by  supposing  "• 
wire  to  be  made  up  of  transverse  magnetic  needles,  or  by  suppo^^ 
the  needle  to  be  made  up  of  transverse  conducting-wires ;  for  it  "^ 
easy  to  conceive  forces  which  should  bring  corresponding  elem^"^ 
sitlier  magnetic  or  voltaic,  into  parallel  positions ;  and  then  the  g^' 
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i»i  phenomena  above  stated  woald  be  accounted  for.     And  the  choice  . 
Vwtween  the  two  modes  of  conception,  appeared  at  first  sight  a  matter 
of  indifference.     The  majority  of  philosophers  at  first  adopted,  or  at 
least  employed,  the  former  method,  as  Oersted  in  Germany,  Berzelius 
in  Sweden,  Wollaston  in  England. 

Ampere  adopted  the  other  view,  according  to  which  the  magnet  is 
made  up  of  conducting-wires  in  a  transverse  position.  But  he  did  for 
his  hypothesis  what  no  one  did  or  could  do  for  the  other :  he  showed 
that  it  was  the  only  one  which  would  account,  without  additional 
and  arbitrary  suppositions,  for  the  facts  of  continued  motion  in  electro- 
magnetic cases.  And  he  further  elevated  his  theory  to  a  higher  rank 
of  generality,  by  showing  that  it  explained, — not  only  the  action  of 
a  conducting-wire  upon  a  magnet,  but  also  two  other  classes  of  facts, 
already  spoken  of  in  this  history, — ^the  action  of  magnets  upon  each 
other, — and  the  action  of  coriducting-wires  upon  each  other. 

The  deduction  of  such  particular  cases  from  the  theory,  required, 
lis  may  easily  be  imagined,  some  complex  calculations  :  but  the  deduc- 
tion being  satisfactory,  it  will  be  seen  that  Ampere's  theory  conformed 
to  that  description  which  we  have  repeatedly  had  to  point  out  as  the 
Qsual  character  of  a  true  and  stable  theory  ;  namely,  that  besides  ac- 
counting for  the  class  of  phenomena  which  suggested  it,  it  supplies  an 
nnforescen  explanation  of  other  known  facU.  For  the  nmtual  action 
of  magnets,  which  was  supposed  to  be  already  reduced  to  a  satisfactory 
theoretical  form  by  Coulomb,  was  not  contemplated  by  Ampere  in  the 
formation  of  his  liypo thesis ;  and  the  mutual  action  of  voltaic  currents, 
tiiough  tried  only  in  consequence  of  the  suggestion  of  the  theory,  was 
clearly  a  fact  distinct  from  electromagnetic  action  ;  yet  all  these  facts 
fiowed  alike  from  the  theory.  And  thus  Ampere  brought  into  view  a 
olassof  forces  for  which  the  term  "  electromagnetic"  was  too  limited, 
^^d  which  he  designated*  by  the  appropriate  term  electrodynamic  ; 
^distinguishing  tliem  by  this  expression,  as  the  forces  of  an  electric 
^ftent^  from  the  statical  effects  of  electricity  wliicli  we  had  formerly 
^o  treat  of.  Tliis  term  has  passed  into  common  use  among  scientific 
^'nters,  and  remains  the  record  and  stamp  of  the  su(;cess  of  the  Am- 
P<irian  induction. 

The  first  promulgation  of  Ampere's  views  wjus  liy  a  communication 
^  the  French  Academy  of  Sciences,  September  the  18th,  1820;  Ocr 
■^'s  discoveries  having  reached  Paris  only  in  the  preceding  July. 


'  Ann.  de  Chim.,  torn.  xx.  p.  60  (1822). 
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At  almost  every  meeting  of  the  Academy  during  the  remainder  o( 
that  year  and  the  beginning  of  the  following  one,  he  had  new  d^ve> 
lopements  or  new  confirmations  of  his  theory  to  announce.  The  ixmost 
hypothetical  part  of  his  theory,^— the  proposition  that  magnets  mi^^t 
be  considered  in  their  effects  as  identical  with  spiral  voltaic  wircR, — 
he  asserted  from  the  very  first.  The  mutual  attraction  and  repulsion 
of  voltaic  wires, — the  laws  of  this  action, — the  deduction  of  the  ob- 
served facts  from  it  by  calculation, — the  determination,  by  new  e:c  ^o- 
riment*,  of  the  constant  quantities  which  entered  into  his  formolse^ — 
followed  in  rapid  succession.  The  theory  must  be  briefly  stated.  It 
had  already  been  seen  that  parallel  voltaic  currents  attracted  e^ach 
other ;  when,  instead  of  being  parallel,  they  were  situate  in  any  dissec- 
tions, they  still  exerted  attractive  and  repulsive  forces  depending-  <» 
the  distance,  and  on  the  directions  of  each  element  of  both  cnrr^^Qta. 
Add  to  this  doctrine  the  hypothetical  constitution  of  magnets,  naimcsly,  . 
that  a  voltaic  current  runs  round  the  axis  of  each  particle,  and  vo 
have  the  means  of  calculating  a  vast  variety  of  results  which  may  ^ 
compared  with  experiment.  But  the  laws  of  the  elementary  fox"C« 
required  further  fixation.  What  functions  arc  the  forces  of  the  ^^ 
tance  and  the  directions  of  the  elements  ? 

To  extract  from  experiment  an  answer  to  this  inquiry  was  far  f3c:^ni 
easy,  for  the  elementary  forces  were  mathematically  connected   ^^s^^"^ 
the  observed  facts,  by  a  double  mathematical  integration; — a  1^^^& 
and,  while  the  constant  coefficients  remained  undefined,  hardly  »    "^x^" 
sible  operation.     Ampere  made  some  trials  in  this  way,  but  his  ^^*P" 
pier  genius  suggested  to  him  a  better  path.     It  occurred  to  him,    — ^b» 
if  his  integrals,  without  being  specially  found,  could  be  sho^cr^-*  7^ 
vanish  upon  the  whole,  under  certain  conditions  of  the  problem,         ^" 
circumstance  would  correspond  to  aiTangcnicnts  of  his  apparatti    ^  ^^ 
which  a  state  of  equilibrium  was  preserved,  however  the  fonn  of  s  -^^^^ 
of  the  parts  might  be  changed.     He  found  two  such  cases,  v'^^^^ 
were  of  great  importance  to  the  theory.     The  first  of  these   <^^  "^^ 
proved  that  the  force  exerted   by  any  element  of  the  voltfiic       ^'™ 
might  be  resolved  into  other  forces  by  a  theorem  resembling  the  v-^^^^ 
known  proposition  of  the  parallelogram  of  forces.     This  was  prc:^^^ 
by  showing  that  the  action  of  a  straight  wire  is  the  same  with  th^^ 
another  wire  which  joins  the  same  extremities,  but  is  bent  and   ^^^  ' 
torted  in  any  way  whatever.     But  it  still  remained  necessary  to  dc^ 
mine  two  fundamental  quantities ;  one  which  expressed  the  pow^'^^ 
the  distance  according  to  which  the  force  varied  ;  the  other,  the       ^ 
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which  the  force  is  affected  by  the  Miquity  of  the  elements, 
the  general  causes  of  equilibrium,  of  which  we  hare  spoken, 
'elation  between  these  two  quantities ;'  and  as  the  power  was 
f,  and,  as  it  afterwards  appeared,  rightly  conjectured  to  be  the 
square,  the  other  quantity  also  was  determined;  and  the 
problem  of  electrodynamical  action  was  fully  solved, 
ap^re  had  not  been  an  accompb'shed  analyst,  he  would  not 
en  able  to  discover  the  condition  on  which  the  nullity  of  the 
in  Uiis  case  depended.'  And  throughout  his  labors,  we  find 
o  admire,  both  his  mathematical  skill,  and  his  steadiness  of 
;  although  thes^  excellences  are  by  no  means  accompanied 
out  with  corresponding  clearness  and  elegance  of  exposition  in 
ngs. 

Hon  of  Ampere's  Theory. — Clear  mathematical  conceptions, 
le  familiarity  with  mathematical  operations,  were  needed  by 
also,  in  order  to  appreciate  the  evidence  of  the  theory ;  and, 
f,  we  need  not  feel  any  surprise  if  it  was,  on  its  publication 
iblishmcnt,  hailed  with  far  less  enthusiasm  than  so  remarkable 
)h  of  generalizing  power  might  appear  to  deserve.  For  some 
leed,  the  greater  portion  of  the  public  were  naturally  held  in 
J  by  the  opposing  weight  of  rival  names.  The  Amperian 
lid  not  make  its  way  without  contention  and  competition. 
;tro-magnetic  experiments,  from  their  firet  appearance,  gave  a 
>mise  of  some  new  and  wide  generalization ;  and  held  out  a 
honor  and  fame  to  him  who  should  be  first  in  giving  the 
tcrpretation  of  the  riddle.  In  France,  the  emulation  for  such 
on  is  perhaps  more  vigilant  and  anxious  than  it  is  elsewhere ; 
see,  on  this  as  on  other  occasions,  the  scientific  host  of  Paris 
g  upon  a  new  subject  with  an  impetuosity  which,  in  a  short 
ns  into  controversies  for  priority  or  for  victory.  •  In  this  case, 
as  well  as  Amp5re,  endeavored  to  reduce  the  electro- magnetic 
cna  to  general  laws.  The  discussion  between  him  and  Am- 
ned  on  some  points  which  are  curious.  M.  Biot  was  disposed 
der  as  an  elementary  action,  the  force  which  an  element  of  a 
ftire  exerts  upon  a  magnetic  particle,  and  which  is,  as  we  have 
right  angles  to  their  mutual  distance ;  and  he  conceived  that 


munication  to  the  Acad.  Sc,  June  10,  1822.    See  Ampere,  Reeueil,  \k 
!«/,  p.  314. 
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the  eqaal  reaction  which  necessarily  accompanies  this  action  acts 
positely  to  tlio  action,  not  in  the  same  line,  but  in  a  parallel  linfl 
the  other  extremity  of  the  distance ;  thus  forming  a  primitive  am 
to  use  a  technical  expression  borrowed  from  mechanics  To  i 
Ampere  objected,*  that  the  direct  opposition  of  all  elementary  ad 
and  reaction  was  a  universal  and  necessary  mechanical  law. 
showed  too  that  such  a  couple  as  had  been  assumed,  would  foHoi 
a  derivative  result  from  his  theory.  And  in  comparing  his  own  1 
ory  with  that  in  which  the  voltaic  wire  is  assimilated  to  a  collee 
of  transverse  magnets,  he  was  also  able  to  prove  that  no  such  gm 
blage  of  forces  acting  to  and  from  fixed  points,  as  the  forces  of  n 
nets  do  act,  could  produce  a  continued  motion  like  that  discovered 
Faraday.  This,  indeed,  was  only  the  well-known  demonstration 
the  impossibility  of  a  perpetual  motion.  If,  instead  of  a  collectioi 
magnets,  the  adverse  theorists  had  spoken  of  a  magnetic  current,  i 
might  probably  interpret  their  expressions  so  as  to  explain  the  & 
that  is,  if  they  considered  every  element  of  such  a  current  as  a  n 
net,  and  consequently,  every  point  of  it  as  being  a  north  and  a  K 
point  at  the  same  instant.  But  to  introduce  such  a  conception  < 
magnetic  current  was  to  abandon  all  the  laws  of  magnetic  ac 
hitherto  established ;  and  consequently  to  lose  all  that  gave  the  b] 
thesis  its  value.  The  idea  of  an  electric  current,  on  the  other  hi 
was  so  far  from  being  a  new  and  hazardous  assumption,  that  it 
already  been  forced  upon  philosophers  from  the  time  of  Volta; 
in  this  current,  the  relation  of  preceding  and  succeeding^  which  ne 
sarily  existed  between  the  extremities  of  any  element,  introduced  t 
relative  polarity  on  which  the  success  of  the  explanations  of  the  I 
depended.  And  thus  in  this  controversy,  the  theory  of  Amp5re  hi 
great  and  undeniable  superiority  over  the  rival  hypotheses. 


r 


CHAPTER  VII. 

Consequences  of  the  Electrodynamic  Theory. 

T  is  not  necessary  to  state  the  various  applications  which  weree 
made  of  the  electro-magnetic  discoveries.     J>ut  we  may  notice 

*  Ampere,  Theories  p.  164. 
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of  the  most  important, — the  Galvanometer^  an  instrument  which,  hy 
enabling  the  philosopher  to  detect  and  to  measure  extremely  minute 
^ectrodynamic  actions,  gave  an  impulse  to  the  subject  similar  to  that 
which  it  received  from  the  invention  of  tlio  Lcyden  Phial,  or  the 
Voltaic  Pile.  The  strength  of  the  voltaic  current  was  measured,  in 
this  instrument,  by  the  deflection  produced  in  a  compass-needle ;  and 
ita  sensibility  was  multiplied  by  making  the  wire  pass  repeatedly  above 
*nd  below  the  needle.  Schweigger,  of  Ilalle,  was  one  of  the  first 
devisers  of  this  apparatus. 

The  substitution  of  electro-magnets,  that  is,  of  spiral  tubes  composed 
of  voltaic  wires,  for  common  magnets,  gave  rise  to  a  variety  of  curious 
apparatus  and  speculations,  some  of  which  I  shall  hereafter  mention. 

[2nd  Ed.]  [When  a  voltaic  apparatus  is  in  action,  there  may  be 
conceived  to  be  a  current  of  electricity  ruiming  through  its  various 
elements,  as  stated  in  the  text  The  force  of  this  current  in  various 
parts  of  the  circuit  has  been  made  the  subject  of  mathematical  inves- 
tigation by  M.  Ohm.*  The  problem  is  in  every  respect  similar  to  that 
of  the  flow  of  heat  through  a  body,  and  tiikcn  generally,  leads  to  com- 
plex calculations  of  the  same  kind.  But  Dr.  Ohm,  by  limiting  the 
proUem  in  the  first  place  by  conditions  which  the  usual  nature  and 
form  of  voltaic  apparatus  suggest,  has  been  able  to  give  great  simplicity 
to  his  reasonings.  These  conditions  arc,  the  linear  form  of  the  con- 
ductors (wires)  and  the  steadiness  of  the  electric  state.  For  this  part 
of  the  problem  Dr.  Ohm's  reasonings  are  as  simple  and  as  demonstra- 
t^^'e  as  the  elementary  propositions  of  Mechanics.  The  formula)  for 
tHe  electric  force  of  a  voltaic  current  to  which  he  is  led  have  been 
experimentally  verified  by  others,  especially  Fechner,'  Gauss,'  Lenz, 
•^acobi,  Poggendorf,  and  Pouillet. 

Among  ourselves,  Mr.  Wheatstone  has  confirnicd  and  applied  the 
'^  Jews  of  M.  Ohm,  in  a  Memoir*  On  New  Instruments  and  Processes 
tor  determining  the  Constants  of  a  Voltaic  Circuit,  lie  there  remarks 
^"at  the  clear  ideas  of  electromotive  forces  and  resistanrtes,  sul.^tituted 
^y  Ohm  for  the  vague  notions  of  quantity  and  intensity  which  have 
iotig  been  prevalent,  give  satisfactory  explanations  of  the  most  impor- 
^^^t  difficulties,  and  express  the  laws  of  a  vast  number  of  phenomena 


-^'«  Oalvanitche  Kctte  MathemaiUch  bcarbeiict  von  Dr.  G.  <S'.  Ohtn,  Berlin, 


^^^Ulmtnengcn  uhe\ 
'  lietulU  of  tJu  Magnetic 


her  die  Galvanische  Kctte.     Leipzig,  1831. 
ic  Association.  *  Phil.  Trans.  1813.     Pt  11. 
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in  formulaD  of  remarkable  simplicity  atA  generality.  In  this  Mcmd 
Professor  Wheatstone  describes  an  instrument  which  he  terms  Rkeo9h 
because  it  brings  to  a  common  standard  the  voltaic  currents  which  ti 
compared  by  it.  lie  generalizes  the  language  of  the  subject  by  m 
ploying  the  term  rkeomotor  for  any  apparatus  which  originates  i 
electric  current  (whether  voltaic  or  thermoelectric,  &c.)  and  rkeomeA 
for  any  instrument  to  measure  the  force  of  such  a  current.  It  appeal 
that  the  idea  of  constructing  an  instrument  of  the  nature  of  tl 
Rheostat  had  occurred  also  to  Prof.  Jacob),  of  St  Petersburg.] 

The  galvanometer  led  to  the  discovery  of  another  class  of  cases 
which  the  electrodynamical  action  was  called  into  play,  namely,  tha 
in  which  a  circuit,  composed  of  two  metals  only,  became  electro-nui 
netic  by  heating  one  part  of  it.     Tliis  discovery  of  thermo-electricm 
was  made  by  Professor  Secbeck  of  Berlin,  in  1822,  and  prosecuted 
various  persons ;  especially  by  Prof.  Gumming*  of  Cambridge,  wH 
early  in  1823,  extended  the  examination  of  this  property  to  most 
the  metals,  and  determined  their  thermo-electric  order.     But  as  th^ 
investigations  exhibited  no  new  mechanical  effects  of  electromotii 
forces,  they  do  not  now  further  concern  us ;  and  we  pass  on,  at  pre89 
to  a  case  in  which  such  forces  act  in  a  manner  different  from  any 
those  already  described. 

Discovery  of  Diamagnetism. 

[2nd  Ed.]  [By  the  discoveries  just  related,  a  cylindrical  spiral 
wire  through  which  an  electnc  current  is  passing  is  identified  witbi 
magnet ;  and  the  effect  of  such  a  spiral  is  increased  by  placing  in  V 
core  of  soft  iron.  By  the  use  of  such  a  combination  under  the  influer: 
of  a  voltaic  battery,  magnets  are  constructed  far  more  powerful  tb 
those  which  depend  upon  the  permanent  magnetism  of  iron.  X 
electro-magnet  employed  by  Dr.  Faraday  in  some  of  his  experimea 
would  sustain  a  hundred-weight  at  cither  end. 

By  the  use  of  such  magnets  Dr.  Faraday  discovered  that,  besic 
iron,  nickel  and  cobalt,  which  possess  magnetism  in  a  high  degree,  mik 
bodies  are  magnetic  in  a  slight  degree.  And  he  made  the  fuilher  v€ 
important  discovery,  that  of  those  substances  which  are  not  m% 
netic,  many,  perhaps  all,  possess  an  opposite  property,  in  virtue 
which  he  terms  them  diamagnetic.     The  opposition  is  of  this  kind  S 


^  Camh.  Trant.  vol.  ii.  p.  6*2.  On  the  Development  of  Electro-Mag netitm  hyli^ 
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Oiat  magDetic  bodies  in  the  form  of  bars  or  needles,  if  free  to  move, 
amnge  themselves  in  the  axial  line  joining  the  poles ;  diamagnctio. 
bodies  under  the  same  circumstances  arrange  themselves  in  an  equato- 
rid  position,  perpendicular  to  the  axial  line.  And  this  tendency  he 
conceives  to  be  the  result  of  one  more  general ;  that  whereas  magnetic 
bodies  are  attracted  to  the  poles  of  a  magnet,  diamagnetic  bodies  are 
repelled  from  the  poles.  The  list  of  diamagnetic  bodies  includes  all 
idnds  of  substances ;  not  only  metals,  as  antimony,  bismutli,  gold,  silver, 
leid,  tin,  zinc,  but  many  crystals,  glass,  phosphorus,  sulphur,  sugar,  gum, 
wood,  ivory ;  and  even  flesh  and  fruit 

It  appears  that  M.  le  Bailli  had  shown,  in  1820,  that  both  bismuth 

and  antimony  and  bismuth  repelled  the  magnetic  needle ;  and  as  Dr. 

Fmtday  remarks,  it  is  astonishing  that  such  an  experiment  should 

We  remained  so  long  without  further  results.     M.  Becquercl  in  1827 

observed,  and  quoted  Coulomb  as  having  also  observed,  that  a  needle 

of  wood  under  certain  conditions  pointed  across  the  magnetic  curves ; 

*nd  siso  stated  that  he  had  found  a  needle  of  wood  place  itself  parallel 

to  the  wires  of  a  galvanometer.     This  he  referred  to  a  magnetism 

tfwjsversc  to  the  length.     But  he  docs  not  refer  the  phenomena  to 

^'^mentary  repulsive  action,  nor  show  that  they  are  common  to  an 

Jmmense  class  of  bodies,  nor  distinguish  this  diamagnetic  from  the 

Magnetic  class,  as  Faraday  has  tauglit  us  to  do. 

I  do  not  dwell  upon  the  peculiar  phenomena  of  copper  which,  in 

^^^  same  series  of  researches,  are  traced  by  Dr.  Faraday  to  the  com- 

^iHed  effect  of  its  diamagnetic  character,  and  the  electric  currents 

^^cited  in  it  by  the  electro-magnet;  nor  to  the  optical  phenomena 

'^^^ifested  by  certain  transparent  diamagnetic  substances  under  electric 

^^tion ;  as  already  stated  in  Book  ix.*] 


CHAPTER  VIII. 

^QCOVKRY  OV  THE  LaWS  OF    MaONETO-ElECTRIC    INDUCTION. FaRA- 


DAY. 


iT  was  clearly  established  by  Ampire,  as  we  have  seen,  that  mag- 
netic action  is  a  peculiar  form  of  electromotive  actions,  and  that,  in 

See  the  Twentieth  Seriet  of  Experimental  Researches  in  Electricity,  read  to 
tiie  Royil  Society,  Dec.  18,  1845. 
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this  kind  of  agency,  action  and  reaction  are  equal  and  opposite: 
appeared  to  follow  almost  irresistibly  from  these  considerations,  { 
magnetism  might  be  made  to  produce  electricity,  as  electricity  oa 
be  made  to  imitate  all  the  effects  of  magnetism.  Yet  for  a  long  ti 
the  attempts  to  obtain  such  a  result  were  fruitless.  Faraday,  in  18! 
endeavored  to  make  the  conducting- wire  of  the  voltaic  circuit  cxc 
electricity  in  a  neighboring  wire  by  induction,  as  the  conductor  chaig 
with  common  electricity  would  have  done,  but  he  obtained  no  n 
effect  If  this  attempt  had  succeeded,  the  magnet,  which,  for  all  n 
purposes,  is  an  assemblage  of  voltaic  circuits,  might  also  have  be 
made  to  excite  electricity.  About  the  same  time,  an  experiment  i 
made  in  France  by  M.  Arago,  which  really  involved  the  effect  tl 
sought ;  though  this  effect  was  not  extricated  from  the  complex  jd 
nomenon,  till  Faraday  began  his  splendid  career  of  discovery  on  t 
subject  in  1832.  Arago's  observation  was,  that  the  rapid  revolnt 
of  a  conducting-plate  in  the  neighborhood  of  a  magnet,  gave  rise  t 
force  acting  on  the  magnet.  In  England,  Messrs.  Barlow  and  Chria 
Herschcl  and  Babbage,  repeated  and  tried  to  analyse  this  experime: 
but  referring  the  forces  only  to  conditions  of  space  and  time,  and  oi 
looking  the  real  cause,  the  electrical  currents  produced  by  the  moti 
these  philosophers  were  altogether  unsuccessful  in  their  labors. 
1831,  Faraday  again  sought  for  electro-dynamical  induction,  and  a: 
some  futile  trials,  at  last  found  it  iu  a  form  different  from  that  in  wh 
he  had  looked  for  it.  •  It  was  then  scon,  that  at  the  precise  timei 
making  or  breaking  the  contact  which  closed  the  galvanic  circui 
momentary  effect  was  induced  in  a  neighboring  wire,  but  disappea 
instantly.*  Once  in  possession  of  this  fact,  Mr.  Faraday  ran  rapidly 
the  ladder  of  discovery,  to  the  general  point  of  view. — Instead  of* 
denly  making  or  breaking  the  contact  of  the  inducing  circuit,  a  sim 
effect  was  produced  by  removing  the  inducible  wire  nearer  to  ori 
ther  from  the  circuit  ;* — the  effects  were  increased  by  the  proximity 
soft  iron  ;* — when  the  soft  iron  was  affected  by  an  ordinary  mag 
instead  of  the  voltaic  wire,  the  same  effect  still  recurred  ;* — and  t] 
it  appeared,  that  by  making  and  breaking  magnetic  contact,  a  mom 
tary  electric  current  was  produced.  It  was  produced  also  by  mov 
the  magnet;* — or  by  moving  t^ie  wire  with  reference  to  the  magn 
Finally,  it  was  found  that  the  earth  might  supply  the  place  of  a  mag 


'  Phil.  Tram    1832,  p.  127.  First  Series,  Art.  10.      ''  Art  18.      *  Art  « 
*  Art  37.  •  Art  89.  •  Art.  58. 
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in  this  as  in  other  experiments ;'  and  the  mere  motion  of  a  wire,  under 
proper  circamstances,  protiuccd  in  it,  it  appeared,  a  momentary  electric 
ewient*  These  facts  were  curiously  confirmed  by  the  results  in  spe- 
(al  ctses.  They  explained  Arago's  experiments :  for  the  momentary 
e6ct  became  permanent  by  the  revolution  of  the  plate.  And  without 
WBg  the  magnet,  a  revolving  plate  became  an  electrical  machine  ;• — 
tre?olviDg  globe  exhibited  electro-magnetic  action,"  the  circuit  being 
wmplcte  in  the  globe  itself  without  the  addition  of  any  wire ; — and  a 
mere  motion  of  the  wire  of  a  galvanometer  produced  an  electro-dyna 
mic  effect  upon  its  needle." 

Bat  the  question  occurs.  What  is  the  general  law  which  determines 

the  direction  of  electric  currents  thus  produced  by  the  joint  effects  of 

niotioii  and  magnetism  ?     Nothing  but  a  peculiar  steadiness  and  clear- 

•cas  in  his  conceptions  of  space,  could  have  enabled  Mr.  Faraday  to 

^€tect  the  law  of  this  phenomenon.     For  the  question  required  that  he 

■hould  determine  the  mutual  relations  in  space  which  connect  the  mag- 

**€tic  poles,  the  position  of  the  wire,  the  direction  of  the  wire's  motion, 

*odthe  electrical  current  produced  in  it.     This  was  no  easy  problem ; 

indeed,  the  mere  relation  of  the  niagni'tic  to  the  electric  forces,  the  one 

*^  being  perpendicular  to  the  other,  is  of  it.self  sufliciont  to  perplex  the 

'^^ind;  as  we  have  seen  in  the  history  of  the  elcctrodynamical  disco- 

^<5iies.    But  Mr.  Faraday  appears  to  have  seized  at  once  the  law  of  the 

PH.enomena.      **  The  relation,"  he  says,'*  "  which  holds  between  the 

■^^^gnetic  pole,  the  moving  wire  or  metal,  and  the  direction  of  the  cur- 

'"^^Tit  evolved,  is  very  simple  (so  it  seemed  to  him)  althoiit!:h  rather  diffi- 

*^OJltto  express."     He  represents  it  by  referring  position  and  motion  to 

^*^e  **  magnetic  curves,"  which  go  from  a  magnetic  pole  to  the  oppo- 

^^  "ke  pole.    The  current  in  the  wire  sets  one  way  or  the  other,  according 

^'^^  the  direction  in  which  the  motion  of  the  wire  cuts  these  curves, 

-^  ikI  thus  he  was  enabled,  at  the  end  of  his  Second  Series  of  Researches 

V -December,  1831),  to  give,  in  general  terms,  tlie  law  of  nature  to  which 

**^aiy  be  referred  the  extraordinary  number  <>f  new  and  curious  experi- 

**^cntB  which  he  has  stated  ;" — namely,  that  if  a  wire  move  jk)  as  to 

^^'^it  a  magnetic  curve,  a  power  is  called  into  action  which  tends  to  urge 

^  magnetic  current  through  the  wire ;  and  that  if  a  mass  move  so  that 

*tA  parts  do  not  move  in  the  same  direction  atioss  the  niaGjuetic  curves. 


*  Second  Series,  Phil  Trans,  p.  1C3.     '  Art.  141.    •Art  150.  "Art.  Ifl4. 
'  Art  ni.  n  First  Scries,  Art  111.  "Art  256—264 
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and  with  the  same  angular  velocity,  electrical  currents  are  called  i 
play  in  the  mass. 

This  rule,  thus  simple  from  its  generality,  though  inevitably  o 
plex  in  every  special  case,  may  be  looked  upon  as  supplying  the  i 
demand  of  philosophy,  the  law  of  the  phenomena  ;  and  accordio 
Dr.  Faraday  has,  in  all  his  subsequent  researches  on  magneto-elec 
induction,  apphed  this  law  to  his  experiments ;  and  has  thereby 
ravelled  An  immense  amount  of  apparent  inconsistency  and  confusi 
for  those  who  have  followed  him  in  his  mode  of  conceiving 
subject. 

But  yet  other  philosophers  have  regarded  these  phenomena  in  ot 
points  of  view,  and  have  stated  the  laws  of  the  phenomena  in  a  m 
ner  different  from  Faraday's,  although  for  the  most  part  equivalent 
his.  And  these  attempts  to  express,  in  tlie  most  simple  and  gem 
form,  the  law  of  the  phenomena  of  magneto-electrical  induction,  h 
naturally  been  combined  with  the  expression  of  other  laws  of  electri 
and  magnetical  phenomena.  Further,  these  endeavors  to  connect  i 
generalize  the  Facts  have  naturally  been  clothed  in  the  garb 
various  Theories : — the  laws  of  phenomena  have  been  expressed 
terms  of  the  supposed  causes  of  the  2)henomena  ;  as  fluids,  attract! 
and  repulsions,  particles  with  currents  running  through  them 
round  them,  physical  lines  of  force,  and  the  like.  Such  views,  \ 
the  conflict  of  them,  are  the  natural  and  hopeful  prognostics  c 
theory  which  shall  harmonize  their  discords  and  include  all  that  e 
contains  of  Truth.  The  fermentation  at  present  is  perhaps  too  ff 
to  allow  us  to  see  clearly  the  truth  which  lies  at  the  bottom.  Bt 
few  of  the  leading  points  of  recent  discussions  on  these  subjects  wiJ 
noticed  in  the  Additions  to  this  volume. 


CHAPTER  IX. 

Transition  to  Chemical  Science. 

THE  preceding  train  of  generalization  may  justly  appear  exteiM 
and  of  itself  well  worthy  of  admiration.  Yet  we  are  to  cona 
all  that  has  there  been  established  as  only  one-half  of  the  science 
which  it  belongs, — one  limb  of  the  colossal  form  of  Chemistry. 
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We  ascertained,  we  will  suj)posc,  the  bws  of  Electric  Polarity ;  but 
we  have  then  to  ask,  What  is  the  relation  of  this  Polarity  to  Chemical 
Composition  ?  This  was  the  great  problem  which,  constantly  present 
to  the  minds  of  electro-chemical  inquirers,  drew  them  on,  with  the 
promise  of  some  deep  and  comprehensive  insight  into  the  mechanism 
of  nature.  Long  tasks  of  research,  though  only  subsidiary  to  this, 
were  cheerfully  undertaken.  Thus  Faraday*  describes  himself  as 
compelled  to  set  about  satisfying  himself  of  the  identity  of  common, 
animal,  and  voltaic  electricity,  as  "  the  decision  of  a  doubtful  point 
which  interfered  with  the  extension  of  his  views,  and  destroyed  the 
strictness  of  reasoning."  Having  established  this  identity,  he  pro- 
ceeded with  his  grand  undertaking  of  electro-chemical  research. 

The  connexion  of  electrical  currents  with  chemical  action,  though 
kept  oat  of  sight  in  the  account  wo  have  hitlierto  given,  was  never 
feigotten  by  the  experimenters ;  for,  in  fact,  the  modes  in  which  elec- 
trical currents  were  excited,  were  chemical  actions ; — the  action  of 
scids  and  metals  on  each  other  in  the  voltaic  trough,  or  in  some  other 
fonn.  llic  dependence  of  the  electrical  effect  on  these  chemical 
actions,  and  still  more,  the  chemical  actions  produced  by  the  agency 
^  the  poles  of  the  circuit,  had  boon  carefully  studied ;  and  we  must 
DOW  relate  with  what  suocoss. 

Bat  in  what  terms  shall  we  present  this  narration  ?  Wc  have 
^ten  of  chemical  actions, — but  what  kind  of  actions  are  these  ? 
^fconposition ;  the  resolution  of  compounds  into  their  ingredients; 
^e  separation  of  acids  from  bases  ;  the  rcducliou  of  bodies  to  simple 
^ment9.  These  names  open  to  us  a  new  drama ;  they  are  words 
^hich  belong  to  a  different  set  of  relations  of  things,  a  different  train 
^f  scientific  inductions,  a  different  system  of  generalizations,  from  any 
^ith  which  we  have  hitherto  been  concerned.  We  must  learn  to 
""dorstand  these  phrases,  before  we  can  advance  in  our  history  of 
^"«ian  knowledge. 

And  how  are  we  to  learn  the  moaning  of  this  colleotion  of  words  ? 
^" ^hat other  language  shall  it  be  explained?  In  what  tonus  shall 
^^  define  these  new  expressions  ?  To  this  we  are  conii)elled  to  reply, 
"'■^t  we  cannot  translate  these  terms  into  any  ordinary  language; — 
^nat  we  cannot  define  them  in  any  terms  already  familiar  to  us.  llero, 
^^^all  other  branches  of  knowledge,  the  moaning  of  words  is  to  be 
^^gnt  in  the  progress  of  thought ;  the  history  of  science  is  our  dic- 


*  Dec.  1832.     Researches,  2G0. 
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tionary ;  the  steps  of  scientific  induction  arc  our  definitions.  It  h 
only  by  going  back  through  the  successful  researches  of  men  respcci 
ing  the  composition  and  elements  of  bodies,  that  we  can  learn  in  whal 
sense  such  terms  must  be  understood,  so  as  to  convey  real  knowledge 
In  order  that  they  may  have  a  meaning  for  us,  wc  must  inquire  whal 
meaning  they  had  in  the  minds  of  the  authors  of  our  discoveries. 

And  thus  we  cannot  advance  a  step,  till  wo  have  brought  up  our 
history  of  Chemistry  to  the  level  of  our  history  of  Electricity ; — till 
we  have  studied  the  progress  of  the  analytical,  as  well  as  the  mechfe 
nical  sciences.  We  are  compelled  to  pause  and  look  backwards  here^ 
just  as  happened  in  the  history  of  astronomy,  when  we  arrived  at  tl^ 
brink  of  the  great  mechanical  inductions  of  Newton,  and  found  thfc 
we  must  trace  the  history  of  Mechanics,  before  we  could  proceed  - 
mechanical  Astronomy.  The  terms  "  force,  attraction,  inertia,  morae^ 
tum,"  sent  us  back  into  preceding  centuries  tlien,  just  as  the  ter^ 
"  composition"  and  "  element'*  send  us  back  now. 

Nor  is  it  to  a  small  extent  that  wc  have  thus  to  double  back  up«i 
our  past  advance.  Next  to  Astronomy,  Chemistry  is  one  of  the  m«^ 
ancient  of  sciences  ; — the  field  of  the  earliest  attempts  of  man  to  co— - 
mand  and  understand  nature.  It  has  held  men  for  centuries  by  a  ki — - 
of  fascination ;  and  innumerable  and  endless  are  the  various  labc= 
the  failures  and  successes,  the  speculations  and  conclusions,  the  strand 
pretences  and  fantastical  dreams,  of  those  who  have  pursued  it.  ^ 
exhibit  all  these,  or  give  any  account  of  them,  would  be  impossibm 
and  for  our  design,  it  would  not  be  pertinent.  To  extract  from  t^ 
mass  that  which  is  to  our  purpose,  is  difficult ;  but  the  attempt  m^ 
be  made.  We  must  endeavor  to  analyse  the  history  of  Chemist^^ 
so  far  as  it  has  tended  towards  the  establishment  of  general  principl  ^ 
Wc  shall  thus  obtain  a  sight  of  general:  zations  of  a  new  kind,  a^ 
shall  prepare  ourselves  for  others  of  a  higher  order. 
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.     .         .     .     .     .    Soon  liod  his  crow 

Openod  into  the  hill  a  spacious  wound, 
And  digged  out  ribs  of  gold    .... 

Anon  out  of  the  earth  a  fabric  hugu 
Rose  like  an  exhalation,  with  the  sound 
Of  dulcet  symphonies  and  voices  sweet, 
Bnilt  like  a  temple. 
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CHAPTER  I. 

Imfroybhknt  of  toe  Notion  op  Chemical  Analysis,  and  Recogni- 
tion OF  IT  as  tiie  Spagiiiic  Art. 

THE  doctrine  of  **  the  four  elements  "  is  one  of  the  oldest  monuments 
of  man's  speculative  nature;  goes  back,  perhaps,  to  times  anterior 
to  Greek  philosophy ;  and  as  the  doctrine  of  Aristotle  and  Galen, 
reigned  for  fifteen  hundred  years  over  the  Gentile,  Christian,  and  Mo- 
hammedan world.  In  medicine,  taught  as  the  doctrine  of  the  four 
**  elementary  qualities,"  of  which  the  human  body  and  all  other  sub- 
stances are  compounded,  it  had  a  very  powerful  and  extensive  influence 
upon  medical  practice.  But  this  doctrine  never  led  to  any  attempt 
actually  to  analyse  bodies  into  their  supposed  elements  :  for  composi- 
tion was  inferred  from  the  resemblance  of  the  qualities,  not  from  the 
separate  exhibition  of  the  ingredients ;  the  supposed  analysis  was,  in 
short,  a  decomposition  of  the  body  into  adjectives,  not  into  substan- 
ces. 

This  doctrine,  therefore,  may  be  considered  as  a  negative  state,  ante- 
cedent to  the  very  beginning  of  chemistry ;  and  some  progress  beyond 
this  mere  negation  was  made,  as  soon  as  men  began  to  endeavor  to 
compound  and  decompound  substances  by  the  use  of  fire  or  mixture, 
however  erroneous  might  be  the  opinions  and  expectations  which  they 
combined  with  their  attempts.     Alchemy  is  a  step  in  chemistry,  so  far 
as  It  implies  the  recognition  of  the  work  of  the  cupel  and  the  retort, 
as  the  produce  of  analysis  and  synthesis.     How  perplexed  and  j)ervert- 
wl  were  the  forms  in  which  this  recognition  was  clothed, — how  mixed 
"P  with  mythical  follies  and  extravagancies,  we  have  already  seen ;  and 
tne  share  which  Alchciny  had  in  the  formation  of  any  sounder  know- 
^^^^1  is  not  such  as  to  justify  any  further  notice  of  that  pursuit. 

"^  result  of  the  attempts  to  analyse  bodies  by  heat,  mixture,  and  the 

'  ^  P^^cesses,  was  the  doctrine  that  the  first  principles  of  things  arc 

^1  not  four;  namely,  salt,  sulphur,  and  mercury  ;  and  that,  of  these 

^  **1  things  are  compounded.     In  reality,  the  doctrine,  jus  thus 

\     /  ^^ntained  no  truth  which  was  of  any  value ;  for,  though  the 

Could  extract  from  most  bodies  portions  which  he  called  salt 
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and  sulphur,  and  mercury,  tbesc  names  were  given,  rather  to  save 
hypothesis,  than  because  the  substances  were  really  those  usuallj 
called :  and  thus  the  supposed  analyses  proved  nothing,  as  Boyle  ju 
urged  against  them.* 

The  only  real  advance  in  chemical  theory,  therefore,  which  we 
ascribe  to  the  school  of  the  three  principles^  as  compared  with  th 
who  held  the  ancient  dogma  of  the  four  elements,  is,  the  acknowlo 
ment  of  the  changes  produced  by  the  chemist's  operations,  as  be 
changes  which  were  to  be  accounted  for  by  the  union  and  separat 
of  substantial  elements,  or,  as  they  were  sometimes  called,  of  hypoi 
tical  principles.  The  workmen  of  this  school  acquired,  no  doub 
considerable  acquaintance  with  the  results  of  the  kinds  of  procei 
which  they  pursued ;  they  applied  their  knowledge  to  the  preparat 
of  new  medicines ;  and  some  of  them,  as  Paracelsus  and  Van  Helinc 
attained,  in  this  way,  to  great  fame  and  distinction :  but  their  met 
as  regards  theoretical  chemistry,  consist  only  in  a  truer  conception 
the  problem,  and  of  the  mode  of  attempting  its  solution,  than  tli 
predecessors  had  entertained. 

This  step  is  well  marked  by  a  word  which,  about  the  time  of  wh 
we  speak,  was  introduced  to  denote  the  chemist's  employment.  It^ 
called  the  Spagiric  art,  (often  misspelt  Spagyric^  from  two  Gn 
words,  {(fnfOLt^,  dyeipu,)  which  mean  to  separate  parts,  and  to  m 
them.  These  two  processes,  or  in  more  modern  language,  analn 
and  synthesis,  constitute  the  whole  business  of  the  chemist.  We 
not  making  a  fanciful  arrangement,  therefore,  when  we  mark  the  rec 
nition  of  this  object  as  a  step  in  the  progress  of  chemistry.  I  r 
proceed  to  consider  the  manner  in  which  the  conditions  of  this  ana 
sis  and  synthesis  were  further  developed. 


CnAPTER  II. 
Doctrine  of  Acid  and  Alkali. — Sylvius. 

AMONG  the  results  of  mixture  observed  by  chemists,  were  m. 
instances  in  which  two  ingredient*?,  each    in  itself  pungent 
destructive,  being  put  together,  became  mild  and  inoperative;  c 


'  Shaw's  Boyle,     Skeptical  Chymi-t,  pp.  312,  313  <fec. 
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oaanteracting  and  neutralizing  tlio  activity  of  tlie  other.  The  notion 
of  such  opposition  and  neutrality  is  applicable  to  a  very  wide  range  of 
chemical  processes.  The  person  who  appears  first  to  have  steadily 
seized  and  generally  applied  this  notion  is  Francis  de  la  Bo6  Sylvius ; 
who  was  born  in  1614,  and  practised  medicine  at  Amsterdam,  with  a 
success  and  reputation  which  gave  great  currency  to  his  opinions  on 
that  art*  His  chemical  theories  were  propounded  as  subordinate  to 
his  medical  doctrines ;  and  from  being  thus  presented  under  a  most 
important  practical  aspect,  excited  far  more  attention  than  mere  theo- 
retical opinions  on  the  composition  of  bodies  could  have  done.  Sylvius 
is  spoken  of  by  historians  of  science,  as  the  founder  of  the  iatro-che- 
nUcal  sect  among  physicians ;  that  is,  the  sect  which  considers  the  dis- 
orders in  the  human  frame  as  the  effects  of  chemical  relations  of  the 
floida,  and  applies  to  them  modes  of  cure  founded  upon  this  doctrine. 
We  have  here  to  speak,  not  of  his  physiological,  but  of  his  chemical 
▼iein. 

The  distinction  of  acid  and  alkaline  bodies  (acid urn,  lixivum)  was 
fiuniliar  before  the  time  of  Sylvius ;  but  he  framed  a  system,  by  con- 
adering  them  both  as  eminently  arri^l  and  yet  opposite,  and  by  apply- 
ing this  notion  to  the  human  frame.  Thus'  the  lymph  contains  an 
■cid,  the  bile  an  alkaline  salt.  These  two  opposite  acrid  substances, 
^hen  they  are  brought  tonrethcr,  ncutmlize  each  other  (ivfrivgunt)^ 
^^^  are  changed  into  an  intonncMliate  and  milder  substance. 

The  progress  of  this  dootrino,  as  a  physiological  one,  is  an  important 
part  of  the  history  of  medical  science  in  the  seventeenth  century ;  but 
^ith  that  we  are  not  here  concemcd.     But  as  a  chemical  doctrine,  this 
i^otion  of  the  opposition   of  acid  and   alkali,  and  of  its  very  general 
applicability,  struck  deep  root,  and  has  not  been  eradicated  up  to  our 
^wn  time.    Boyle,  indeed,  whose  disposition  led  him  to  suspect  all 
b^^eralitics,  expressed  doubts  with  regard  to  this  view  ;•  and  argue<l 
^hat  the  supposition  of  acid  and  alkaline  parts  in  all  bodies  was  pre- 
carious, their   offices  arbitrary,   an<l   the   notion    of  them   unsettled. 
Indeed  it  was  not  difficult  to  show,  that  there  was  no  one  certain  crite- 
rion to  which  all  supposed  acids  conformed.     Yet  the  general  concep- 
"'■^n  of  such  a  combination  as  that  of  acid  and  alkali  was  supposed  to 


SprengeL      GetchichU  dft  Arznci/kundc,  vol.  iv.      Thomson's  Jlistort/  of 
'^istry  in  the  corresponding  part  is  translated  from  Sprengcl. 
,  ^'  -^ethodo  Medendi,  Amst  1679.     Lib.  ii.  cap.  28,  sects.  8.  and  63. 
^^'8  Boyle,  iil  p.  432. 
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be,  served  so  well  to  express  many  chemical  facts,  that  it  kept  its  gr< 
It  is  found,  for  instance,  in  Lemery's  Chemistry^  which  was  on 
those  in  most  general  use  before  the  introduction  of  the  phlo; 
theory.  In  this  work  (which  was  translated  into  English  by  Ke: 
1698)  we  find  alkalies  defined  by  their  effervescing  with  acids.*  ' 
were  distinguished  as  the  mineral  alkali  (soda),  the  vegetable  j 
(potassa),  and  the  volatile  alkali  (ammonia).  Again,  iu  Mace 
Chemistry,  which  was  long  the  text-book  in  Europe  during  the 
of  phlogiston,  we  find  acids  and  alkalies,  and  their  union,  in  i 
they  rob  each  other  of  their  characteristic  properties,  and  form  nc 
salts,  stated  among  the  leading  principles  of  the  science.* 

In  truth,  the  mutual  relation  of  acids  to  alkalies  was  the  most  c 
tial  part  of  the  knowledge  which  chemists  possessed  concerning  t 
The  importance  of  this  relation  arose  from  its  being  the  first  dif 
form  in  which  the  notion  of  chemical  attraction  or  affinity  appe 
For  the  acrid  or  caustic  character  of  acids  and  alkalies  is,  in  £ 
tendency  to  alter  the  bodies  they  touch,  and  thus  to  alter  themse 
and  the  neutral  character  of  the  compounds  in  the  absence  of  any 
proclivity  to  change.  Acids  and  alkalies  have  a  strong  dispositic 
unite.  They  combine,  often  with  vehemence,  and  produce  nc 
salts ;  they  exhibit,  in  short,  a  prominent  example  of  the  chei 
attraction,  or  affinity,  by  which  two  ingredients  are  formed  into  a 
pound.  The  relation  of  add  and  base  iu  a  salt  is,  to  this  day,  oi 
the  main  grounds  of  all  theoretical  reasonings. 

The  more  distinct  development  of  the  notion  of  such  che: 
attraction,  gradually  made  its  way  among  the  chemists  of  the  ] 
part  of  the  seventeenth  and  the  beginning  of  the  eighteenth  cer 
as  we  may  see  in  the  writings  of  Boyle,  Newton,  and  their  folio 
Beecher  speaks  of  this  attraction  as  a  magnetism  ;  but  I  do  not  I 
that  any  writer  in  particular,  can  be  pointed  out  as  the  person 
finnly  established  the  general  notion  of  chemical  attraction. 

But  this  idea  of  chemical  attraction  became  both  more  clcai 
jQore  extensively  applicable,  when  it  assumed  the  form  of  the  do( 
of  elective  attractions,  in  which  shape  we  must  now  speak  of  it 


Lemery,  p.  26.  *  Mscquer,  p.  19. 
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CHAPTER  III. 
Doctrine  of  Elective  Attractions.     Geoffroy.    Bergman 

THOUGH  the  chemical  combinations  of  bodies  had  already  been 
referred  to  attraction,  in  a  vague  and  general  manner,  it  was  im- 
poadble  to  explain  the  changes  that  take  place,  without  supposing  the 
ttttnction  to  be  greater  or  less,  according  to  the  nature  of  the  body. 
Yet  it  was  some  time  before  the  necessity  of  such  a  supposition  was 
deiriy  seen.     In  the  history  of  the  French  Acadeftiy  for  1718  (pub- 
Kalied  1719),  the  writer  of  the  introductory  notice  (probably  Fonte- 
nelle)  says,  "  That  a  body  which  is  united  to  another,  for  example,  a 
•olvent  which  has  penetrated  a  metal,  should  quit  it  to  go  and  unite 
it««lf  with  another  which  we  present  to  it,  is  a  thing  of  which  the 
possibility  had  never  been  guessed  by  the  most  subtle  philosophers, 
*Qd  of  which  the  explanation  even  now  is  not  easy."     The  doctrine 
*'^,  in  fact,  been  stated  by  Stahl,  but  the  assertion  just  quoted  shows, 
*^t  least,  that  it  was  not  familiar.     Tlic  principle,  however,  is  very 
clearly  stated*  in  a  memoir  in  the  same  volume,  by  Geoffroy,  a  French 
P'^Jsician  of  great  talents  and  varied  knowledge.     "  We  observe  in 
^t^emistry,"   he    says,   "certain   relations   amongst   different   bodies, 
^*ich  cause  them  to  unite,     lliese  relations  have  their  der/rees  and 
^*^6ir  lavs.     "We  observe  their  different  degrees  in  this ; — that  among 
^^erent  matters  jumbled  together,  which  have  a  certain  disposition 
^  Unite,  we  find  that  one  of  these  substances  always  unites  constantly 
^Jth  a  certain  other,  preferably  to  all  the  rest."     He  then  states  that 
^^ose  which  unite  by  preference,  have  "  plus  de  rapport,"    or,  ac- 
^^Ming  to  a  phrase  allterwards  used,  more  affiniUj.     "And  I  have 
^^isfied  myself,"  he  adds,  "  that  we  may  deduce,  from  these  observa- 
^*<^tis,  the  following  proposition,  which  is  very  extensively  true,  though 
^  Cannot  enunciate  it  as  universal,  not  having  been  able  to  examine 
^  tlic  possible  combinations,  to  assure  myself  that  I  should  find  no 
^tception."     The  proposition  which  he  states  in  this  admirable  spirit 
^^  philosophical  caution,  is  this  :  "  In  all  cases  where  two  substances. 


» Mem.  Acad.  Par.  1718,  p.  202. 
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which  have  any  disposition  to  combine,  arc  uwited ;  if  there  approach^ 
them  a  third,  which  has  more  affinity  with  one  of  the  two,  this  o-^ 
unites  with  the  third  and  lets  go  the  other."  He  then  states  thca 
affinities  in  the  form  of  a  Table ;  placing  a  substance  at  tlie  head 
each  column,  and  other  substances  in  succession  below  it,  accordii^ 
to  the  order  of  their  affinities  for  the  substance  which  stands  at  tJE 
head,  lie  allows  that  the  separation  is  not  always  complete  (an  ^^ 
perfection  which  he  ascribes  to  the  glutinosity  of  fluids  and  oi^E 
causes),  but,  with  such  exceptions,  he  defends  very  resolutely  and  s  "^ 
cessfuUy  his  Table,  and  the  notions  which  it  implies. 

The  value  of  such  a  tabulation  was  immense  at  the  time,  and  is  e*^^ 
still  very  great ;  it  enabled  the  chemist  to  trace  beforehand  the  rcsiza.! 
of  any  operation ;  since,  when  the  ingredients  were  given,  he  could  fli 
which  were  the  strongest  of  the  affinities  brought  into  play,  and,  corMM 
qucntly,  what  compounds  would  be  foiTned.  GeofFroy  himself  g^fc' 
several  good  examples  of  this  use  of  his  table.  It  was  speedily  adop't^ 
into  works  on  chemistr}'.  For  instance,  Macquer*  places  it  at  the  C3^ 
of  his  book ;  "  taking  it,"  as  he  says,  "  to  be  of  great  use  at  the  end  ■ 
an  elementary  tracts  as  it  collects  into  one  point  of  view,  the  vrk^ 
essential  and  fundamental  doctrines  which  are  dispersed  through  'tJ 
work." 

The  doctrine  o^  Elective  Attractions,  as  thus  promulgated,  contair^ 
so  large  a  mass  of  truth,  that  it  was  never  seriously  shaken,  thouglm 
required  further  development  and  correction.  In  particular  the  c^:^ 
brated  work  of  Torbern  Bergman,  professor  at  Upsala,  On  Elec^'* 
^</rac^/on5,  published  in  1775,  introduced  into  it  material  impr(^"* 
ments.  Bergman  observed,  that  not  only  the  order  of  attractions,  "^ 
the  sum  of  those  attractions  which  had  to  form  the  new  compour"^ 
must  be  taken  account  of,  in  order  to  judge  of  the  result.  Thus,\if 
have  a  combination  of  two  elements,  P,  .<?,  (potassa  and  vitriolic  aci- 
and  another  combination,  Z,  m,  (lime  and  muriatic  acid,)  though  s  "9- 
a  greater  affinity  for  P  than  for  Z,  yet  the  sura  of  the  attractions  o^ 
to  7W,  and  of  L  to  s,  is  greater  than  that  of  the  original  compounds,  t^ 
therefore  if  the  two  combinations  are  brought  together,  the  new  cc^ 
pounds,  P,  rw,  and  Z,  *,  are  formed. 

The  Table  of  Elective  Attractions,  modified  by  Bergman  in  put** 
ance  of  these  views,  and  corrected  according  to  the  advanced  knowlec^ 
of  the  time,  became  still  more  important  than  before.     Tlie  next  &-* 
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0  take  into  account  the  quantities  of  the  elements  which  ccmbined ; 
tiis  leads  ns  into  a  new  train  of  investigation,  which  was,  indeed, 
oral  seqoel  to  the  researches  of  Geoffroy  and  Bergman. 
1803,  however,  a  chemist  of  great  eminence,  Bertiiollet,  published 
rk  (Essai  de  Statique  Ckimique\  the  tendency  of  which  appeared 
to  throw  the  subject  back  into  the  condition  in  which  it  had  been 
e  Geoffroy.  For  Berthollet  maintained  that  the  rules  ^f  chemical 
nnation  were  not  definite,  and  dependent  on  the  nature  of  the 
ances  alone,  but  indefinite,  depending  on  the  quantity  present,  and 
r  circumstances.  Proust  answered  him,  and  as  Berzelius  says,* 
rthollet  defended  himself  with  an  acutcness  which  makes  the  reader 
Rte  in  his  judgment ;  but  the  great  mass  of  facts  finally  decided 
oint  in  favor  of  Proust"  Before,  however,  wo  trace  the  result  of 
t  researches,  we  must  consider  Chemistry  as  extending  her  inqui- 
0  combustion  as  well  as  mixture,  to  airs  as  well  as  fluids  and  solids, 
»  weight  as  well  as  quality.  These  three  steps  we  shall  now 
y  treat  of. 


CHAPTER  IV. 

•RiNE  OF  Acidification  and  Combustion. — Phlogistic  Thkorv. 

BLICATION  of  the  Theory  by  Beccher  and  Stahl— It  will  be 
collected  that  we  are  tracing  the  history  of  the  progress  only  of 
aistry,  not  of  its  errors ; — that  we  are  concerned  with  doctrines 
80  far  as  they  arc  true,  and  have  remained  part  of  the  received 
m  of  chemical  truths.  Tlie  Phlogistic  Theory  was  deposed  and 
;eded  by  the  Theory  of  Oxygen.  But  this  circumstance  must 
ead  us  to  overlook  the  really  sound  and  permanent  part  of  the 
ons  which  the  founders  of  the  phlogistic  theory  tauglit.  They 
ght  together,  as  processes  of  the  same  kind,  a  number  of  changes 
h  at  first  appeared  to  have  nothing  in  common ;  as  acidification, 
3ustion,  respiration.  Now  this  classification  is  true;  and  its 
>rtance  remains  undiminished,  whatever  are  the  explanations 
h  we  adopt  of  the  processes  themselves. 

le  two  chemists  to  whom  are  to  be  ascribed  the  merit  of  this  step, 
the  establishment  of  the  phlogistic  theory  which  they  connected 

*  CJienu  t  iiL  p.  23. 
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with  it,  are  John  Joachim  Beccher  and  George  Ernest  Stahl;  tki^^Jj^ 
former  of  whom  was  professor  at  Meutz,  and  physician  to  the  £lectc^_3of 
of  Bavaria  (born  1G25,  died  1682) ;  the  latter  was  professor  at  Hall*'  ^Jg^ 
and  afterwards  royal  physician  at  Berlin   (born  1660,  died  I7d4^fei>4j. 
These  two  men,  who  thus  contributed  to  a  common  purpose,  we~,^-sit) 
very  different  from  each  other.     The  first  was  a  frank  and  arde'-^^snt 
enthusiast  in  the  pursuit  of  chemistry,  who  speaks  of  himself  and  ^     -rfuj 
employments  with  a  communicativeness  and  affection  both  amusi^=5}g 
and  engaging.     The  other  was  a  teacher  of  great  talents  and  in  ^ 
ence,  but  accused  of  haughtiness  and  moroscness ;  a  character  which__ 
well  borne  out  by  the  manner  in  which,  in  his  writings,  he  anticipa^ 
an  unfavorable  reception,  and  defies  it.     But  it  is  right  to  add  to  tKnis 
that  he  speaks  of  Beccher,  his  predecessor,  with  an  ungrudging  ^3bc- 
knowlcdgmcnt  of  obligations  to  him,  and  a  vehement  assertion  of  Xb» 
merit  as  the  founder  of  the  true  system,  which  give  a  strong  imprcssi  on 
of  StahUs  justice  and  magnanimity. 

Bccchcr's  opinions  were  at  first  pronmlgatcd  rather  as  a  correction* 
than  a  refutation  of  the  doctrine  of  the  three  principles,  siilt,  sulpb-xar, 
and   mcrcur}\     The   main   peculiarity  of  his  views   consists   in-'tl*® 
oftices  which  he  ascribes  to  his  sulphur,  these  being  such  as  aft-«3r- 
vvards  induced  Stiihl  to  give  the  name  of  Phlogiston  to  this  elem^**^ 
Beccher  had  the  sagacity  to  see  that  the  reduction  of  metals  to      ^^^ 
earthy  form  (calx),  and  the  formation  of  sulphuric  acid  from  sulpl*.  «"*''' 
are  operations  connected  by  a  general  analogy,  as  being  alike  ]>'^*"^^ 
cesses  of  combustion.     Hence  the  metal  was  supposed  to  consist  oC     ** 
earth,  and  of  something  which,  in  the  process  of  combustion,  ^^^^'^ 
separated  from  it ;  and,  in  like  manner,  sulphur  was  supposed  to  c^^^^' 
sist  of  the  sulphuric  acid,  which  remained  after  its  combustion,  and        ^ 
the  combustible  part  or  true  sulphur,  which  flew  off  in  the  bumi  -^S* 
Beccher  insists  vciT  distinctly  upon  this  difference  between  his  CH^^^ 
ment  sulphur  and  the  "sulphur"  of  his  Taracelsian  predecessors. 

It  must  be  considered  as  indicating  great  knowledge  and  talent  ^^ 
Stahl,  that  he  perceived  so  clearly  what  part  of  the  views  of  BeccI::^^'^^ 
was  of  general  truth  and  permanent  value.  Though  he'  everywh^^^^^ 
gives  to  Beccher  the  credit  of  the  theoretical  opinions  which  he  p^^"^^ 
mulgates,  (" Beccheriana  sunt  qua)  profero,")  it  seems  certain  that  ^*  ® 
had  the  merit,  not  only  of  proving  them  more  completely,  and  app-^-?^ 
ing  them  more  widely  than  his  forerunner,  but  also  of  conceiving  ihc^  ^^ 
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^h  ft  distinctness  which  Bccchcr  did  not  attain.  In  1697,  appeared 
Stahl^s  Zymotecknia  Fwndamenialis  (the  Doctrine  of  Fermentation), 
**8iinnlqae  experimentum  novum  sulphur  verum  arte  producendi."  In 
tills  woA  (besides  other  tenets  which  the  author  considered  as  very 
important),  the  opinion  published  by  Beccher  was  now  maintained  in 
ft  very  distinct  form ; — namely,  that  the  process  of  forming  sulphui 
from  Bulphuric  acid,  and  of  restoring  the  metals  from  their  calces,  aro 
•nalogotis,  and  consist  alike  in  the  addition  of  some  combustible  elo- 
naent,  which  Stahl  termed  phlogiston  (<|)XoyiV«rov,  combustible).  The 
experiment  most  insisted  on  in  the  work  now  spoken  of,'  was  the  for- 
niation  of  sulphur  from  sulphate  of  potass  (or  of  soda)  by  fusing  the 
**ltwith  an  alkali,  and  throwing  in  coals  to  supply  phlogiston.  This 
•  *  the  "  experimentum  novum."  Tliough  Stahl  published  an  account 
^  this  process,  he  seems  to  have  regretted  his  openness.  "  lie  denies 
'^^V  he  says,  "that  he  should  peradvcnture  have  dissembled  this 
^^periment  as  the  true  foundation  of  the  Beccherian  assertion  con- 
^^^'Tiing  the  nature  of  sulphur,  if  he  had  not  been  provoked  by  the 
pretending  arrogance  of  some  of  his  coiit<'mporarics." 

■Prom  this  time,  Stahl's  confidence  in  his  theory  may  be  traced  becoin- 

'^S  niore  .ind  more  settled  in  his  succeeding  publications.     It  is  hardly 

"^^ossary  to  observe  here,  that  the  explanations  which  his  theory  gives 

^'^  easily  transformed  into  those  which  the  more  recent  tlieory  siijjpiics. 

^^-ccording  to  modem  views,  the  addition  of  oxygen  takes  place  in  the 

^^'^ation  of  acids  and  of  calce?,  and  in   combustion,  instead  of  tlu' 

*^^Hraction  of  phlogiston.     The  coal  which  Stahl  supposed  to  supply 

*^^  combustible  in  his  experiment,  does  in  fact  absorb  the  liberated 

^^vgen.    In  like  manner,  when  an  acid  corrodes  a  metal,  and,  accord- 

^^§r  to  existing  theory,  combines  with  and  oxidates  it,  Stahl  supposes  1 

*^^t  the  phlogiston  separated  from  the  metal  and  combined  with  the 

^^^i     That  the  explanations  of  the  phlogistic  theory  are  so  generally 

^"^pable  of  being  translated  into  the  oxygen  theory,  merely  by  invert- 

.^S  the  supposed  transfer  of  the  combustible  element,  shows  us  how 

*^portant  a  step  towards  the  modern  doctrines  the  phlogistic  theory 

^^ly  was. 

The  question,  whether  these  proccrises  were  in  fact  addition  or  sul)- 

'**3.ction,  was  decided  by  the  balance,  and  belongs  to  a  succeeding  period 

^  tlie  science.     But  we  may  observe,  that  both  Beccher  and  Stahl 

^I'e  aware  of  the  increase  of  weight  which  metals  undergo  in  calcina- 

«P.  117. 
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tion ;  although  the  time  had  not  yet  arrived  in  which  this  fact  n 
be  made  one  of  the  bases  of  the  theory. 

It  has  been  said,*  that  in  the  adoption  of  the  phlogistic  theory 
is,  in  supposing  the  above-mentioned  processes  to  be  addition  i 
than  subtraction,  "  of  two  possible  roads  the  wrong  was  chosen, 
to  prove  the  perversity  of  the  human  mind."  But  we  must  not  i 
how  natural  it  was  to  suppose  that  some  part  of  a  body  was  desi 
or  removed  by  combustion ;  and  we  may  observe,  that  the  mer 
Beccher  and  Stahl  did  not  consist  in  the  selection  of  one  road  oi 
but  in  advancing  so  far  as  to  reach  this  point  of  separation, 
having  done  this,  they  went  a  little  further  on  the  wrong  line,  n 
error  which  detracted  little  from  the  merit  or  value  of  the  pre 
really  made.  It  would  be  easy  to  show,  from  the  writings  of  phlo 
chemists,  what  important  and  extensive  truths  their  theory  en 
them  to  express  simply  and  clearly. 

That  an  enthusiastic  temper  is  favorable  to  the  production  of 
discoveries  in  science,  is  a  rule  which  suffers  no  exception  in  the 
racter  of  Beccher.  In  his  preface*  addressed  "  to  the  benevolent  re 
of  his  Physica  Subtcrranea,  he  speaks  of  the  chemists  as  a  sti 
class  of  mortals,  impelled  by  an  almost  insane  impulse  to  seek 
pleasure  among  smoke  and  vapor,  soot  and  flame,  poisons  and  poi 
"  Yet  among  all  these  evils,"  he  says,  "  I  seem  to  myself  to  Ir 
sweetly,  that,  may  I  die  if  I  would  change  places  with  the  P< 
king."  lie  is,  indeed,  well  worthy  of  admiration,  as  one  of  the 
who  pursued  the  labors  of  the  furnace  and  the  laboratory,  withoi 
bribe  of  golden  hopes.  "  My  kingdom,"  he  says,  "  is  not  of 
world.  I  trust  that  I  have  got  hold  of  my  pitcher  by  the  right  banc 
the  true  method  of  treating  this  study.  For  the  PscudochymisU 
gold  ;  but  the  true  philosophers^  science,  which  is  more  precious 
any  gold." 

The  Physica  Suhlerranea  made  no  converts.  Stahl,  in  his  i 
nant  manner,  says,*  "  No  one  will  wonder  that  it  never  yet  obtaii 
physician  or  a  chemist  as  a  disciple,  still  less  as  an  advocate." 
again,  "  This  work  obtained  very  little  reputation  or  estimatioi 
to  speak  ingenuously,  as  far  as  I  know,  none  whatever."  In  \ 
Beccher  published  a  supplement  to  his  work,  in  which  he  showed 
metal  might  be  extracted  from  mud  and  sand.     He  offered  to  ex 


»  Ilei-schera  Introd.  to  Nat.  Phil.  p.  800. 
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this  at  Vienna ;  but  found  that  people  there  cared  nothing  about  such 
novelties.  He  was  then  induced,  by  Baron  Dlsola,  to  go  to  Holland 
for  similar  purposes.  After  various  delays  and  quarrels,  he  was  obliged 
to  leave  Holland  for  fear  of  his  creditors ;  and  then,  I  suppose,  came 
to  Great  Britain,  where  he  examined  the  Scottish  and  Cornish  mines. 
He  is  md  to  have  died  in  London  in  1682. 

Stahl's  publications  appear  to  have  excited  more  notice,  and  led  to 
controversy  on  the  "  so-called  sulphur."  The  success  of  the  experi- 
ment had  been  doubted,  which,  as  he  remarks,  it  was  foolish  to  make 
a  matter  of  discussion,  when  any  one  might  decide  the  point  by  expe- 
riment; and  finally,  it  had  been  questioned  whether  the  substance 
obtained  by  this  process  were  pure  sulphur.  The  originality  of  his 
doctrine  was  also  questioned,  which,  as  he  says,  could  not  with  any 
justice  be  impugned.  He  published  in  defence  and  development  of 
His  opinion  at  various  intervals,  as  the  Specimen  Becckerianum  in  1703, 
^t  Documentum  Theorioe  BeccherianoB,  a  Dissertation  2>e  Anatomia 
Srdphnris  Artijicialis  ;  and  finally,  Casual  Thoughts  on  the  so<alled 
Sulphur,  in  1718,  in  which  he  gave  (in  German)  both  a  historical  and  a 
systematic  view  of  his  opinions  on  the  nature  of  salts  and  of  his  Phlogiston. 
Reception  and  Application  of  the  Theory, — The  theory  that  the 
^onnation  of  sulphuric  acid,  and  the  restoration  of  metals  from  their 
^ccs,  are  analogous  processes,  and  consist  in  the  addition  of  phlogis- 
^was  soon  widely  received;  and  the  Phlogistic  School  was  thug 
established.  From  Berlin,  its  original  seat,  it  was  diffused  into  all 
P^  of  Europe.  The  general  reception  of  the  theory  may  be  traced, 
^ot  only  in  the  use  of  the  term  "  phlogiston,"  and  of  the  explanations 
^nich  it  implies  ;  but  in  the  adoption  of  a  nomenclature  founded  on 
^hose  explanations,  which,  though  not  very  extensive,  is  sufficient  evi- 
dence of  the  prevalence  of  the  theory.  Thus  when  Priestley,  in  17V4,* 
discovered  oxygen,  and  when  Schecle,  a  little  later,  discovered  chlo- 
^^%  these  gases  were  termed  dephlog  is  Heated  air,  and  dephlogisticat- 
^^  fnarine  acid  ;  while  azotic  acid  gas,  having  no  disposition  to  com- 
^^ion,  was  supposed  to  be  saturated  with  phlogiston,  and  was  called 
Pftloffisiicated  air, 

This  phraseology  kept  its  ground,  till  it  wiis  expelled  by  the  anti- 
phlogistic, or  oxygen  theory.  For  instance,  Cavendish's  papers  on  the 
^"emistry  of  the  airs  are  expressed  in  terms  of  it,  although  his  re- 
'•^earches  led  him  to  the  confines  of  the  new  theory.  We  must  now 
p*e  an  account  of  such  researches,  and  of  the  consequent  revolution 
^^  the  science. 
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CHAPTER  V. 
Chemistry  of  Gases. — Black.    Cavendish. 

THE  study  of  the  properties  of  a(5riforin  substances,  or  PneumcKtic 
Chemistry,  as  it  was  called,  occupied  the  chemists  of  the  eighteexiUi 
century,  and  was  the  main  occasion  of  the  great  advances  which  th« 
science  made  at  that  period.  The  most  material  general  truths  whiich 
came  into  view  in  the  course  of  these  researches,  were,  that  gases  vreW 
to  be  numbered  among  the  constituent  elements  of  solid  and  fluid 
bodies ;  and  that,  in  these,  as  in  all  other  cases  of  composition^  tl&# 
compound  was  equal  to  the  sum  of  its  elements.  The  latter  propor 
sition,  indeed,  cannot  be  looked  upon  as  a  discovery,  for  it  had  l>o€* 
frequently  acknowledged,  though  little  applied ;  in  fact,  it  could  x>^ 
be  referred  to  with  any  advantage,  till  the  at^rifonn  elements,  as  'WW 
as  others,  were  taken  into  the  account.  As  soon  as  this  was  done*  * 
produced  a  revolution  in  chemistry. 

[2nd  Ed.]  [Though  the  view  of  the  mode  in  which  gaseous  ^* 
ments  become  fixed  in  bodies  and  determine  their  properties,  had  g^^^ 
additional  light  thrown  upon  it  by  Dr.  Black's  discoveries,  as  we  bI*^ 
see,  the  notion  that  solid  bodies  involve  such  gaseous  elements  "^^ 
not  new  at  that  period.  Mr.  Vernon  Harcourt  has  shown  *  that  ^^^ 
t6n  and  Boyle  admitted  into  their  speculations  airs  of  various  ki>^^ 
capable  of  fixation  in  bodies.  I  have,  in  the  succeeding  chapter  (cl^^ 
•vi.),  spoken  of  the  views  of  Ecy,  Hooke,  and  Mayow,  connected  ^^^'* 
the  function  of  airs  in  chemistry,  and  forming  a  prelude  to  the  Oxy^^ 
Theory.] 

Notwithstanding  these  preludes,  the  credit  of  the  first  great  step  ^ 
pneumatic  chemistry  is,  with  justice,  assigned  to  Dr.  Black,  aherwBS^ 
professor  at  Edinburgh,  but  a  young  man  of  the  age  of  twenty-four  ^ 
the  time  when  he  made  his  discovery.'  lie  found  that  the  differei*^^ 
between  caustic  lime  and  common  limestone  arose  from  this,  that  tl*-* 
latter  substance  consists  of  the  former,  combined  with  a  certain  a^^» 
which,  being  thus  fixed  in  the  solid  body,  he  colhdjixed  air  (carboB*"* 
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Ekcid   gas).     He  iband,  too,  that  magnesia,  caustic  potash,  and  caustic 
Bckla,  would  combine  with  the  same  air,  with  similar  results.    This  dis- 
covery  consisted,  of   course,   in   a   new  interpretation  of  observed 
changes.    Alkalies  appeared  to  be  made  caustic  by  contact  with  quick- 
lime :  at  first  Black  imagined  that  they  underwent  this  change  by 
acquiring  igneous  matter  from  the  quicklime ;  but  when  he  perceived 
that  the  lime  gained,  not  lost,  in  magnitude  as  it  became  mild,  he 
riglitly  supposed  that  the  alkalies  were  rendered  caustic  by  imparting 
their  air  to  the  lime.    This  discovery  was  announced  in  Black's  inau- 
gural dissertation,  pronounced  in  1755,  on  the  occasion  of  his  taking 
bis  degree  of  Doctor  in  the  University  of  Edinburgh. 

Tlie  chemistry  of  airs  was  pursued  by  other  experimenters.  The 
Honorable  Henry  Cavendish,  about  17G5,  invented  an  apparatus,  in 
which  aerial  fluids  are  confined  by  water,  so  that  they  can  be  managed 
•nd  examined.  This  hydro-pneumatic  apparatus,  or  as  it  is  sometimes 
ciUed,  the  pneumatic  trough,  from  that  time  was  one  of  the  most 
indispensable  parts  of  the  chemist's  apparatus.  Cavendish,*  in  1766, 
•howed  the  identity  of  the  properties  of  fixed  air  derived  from  various 
^^rces;  and  pointed  out  the  peculiar  qualities  of  inflammable  air 
(afterwards  called  hydrogen  gas),  which,  being  nine  times  lighter  than 
<^*oinnion  air,  soon  attracted  general  notice  by  its  employment  for  rais- 
^^  balloons.  The  promise  of  discovery  which  this  subject  now 
^ered,  attracted  the  confident  and  busy  mind  of  Priestley,  whose  Em 
P^ments  and  Observations  on  different  kinds  of  Air  appeared  in 
1744-79.  In  these  volumes,  he  describes  an  extraordinary  number 
^*  trials  of  various  kinds ;  the  results  of  which  were,  the  discovery 
^»  new  kinds  of  air,  namely,  phlogisticated  air  (azotic  gas),  nitrous 
^*''  (nitrous  gas),  and  dephlogisticated  air  (oxygen  gas). 

But  the  discovery  of  new  substances,  though  valuable  in  supplying 
chemistry  with  materials,  was  not  so  important  as  discoveries  respect- 
^'ig  their  modes  of  composition.  Among  such  discoveries,  that  of 
^-avendish,  published  in  the  Philosophical  Transactions  for  1784,  and 
^Jficlosing  the  composition  of  water  by  the  union  of  two  gases,  oxygen 
^iwi  hydrogen,  must  be  considered  as  holding  a  most  distinguished 
P**ce.  He  states,*  that  his  "  experiments  were  made  principally  with 
*^ewto  find  out  the  cause  of  the  diminution  whicli  common  air  is 
^<ill  known  to  suffer,  by  all  the  various  ways  in  which  it  is  phlogisti- 
CAted."    And,  after  describing  various  unsuccessful  attempts,  he  finds 


'  Phil  TrariM,  1766.  Phil.  Trant.  1784,  p.  119. 
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that  when  inflammable  air  is  ased  in  this  phlogistication  (or  bumin 
the  diminution  of  the  common  air  is  accompanied  by  the  formatioii 
a  dew  in  the  apparatus.*  And  tlius  he  infers*  that  "  almost  all  i 
inflammable  air,  and  one-flfth  of  the  common  air,  arc  turned  into  pi 
water." 

Lavoisier,  to  whose  researches  this  result  was,  as  we  shall  soon  a 
very  important,  was  employed  in  a  similar  attempt  at  the  same  tb 
(1783),  and  had  already  succeeded,^  when  he  learned  from  Dr.  Blagd 
who  was  present  at  the  experiment,  that  Cavendish  had  made  "^ 
discovery  a  few  months  sooner.  Monge  had,  about  the  same  til 
made  the  same  experiments,  and  communicated  the  result  to  Lavoifl 
and  Laplace  immediately  afterwards.  Tlie  synthesis  was  M 
confinncd  by  a  corresponding  analysis.  Indeed  the  discovery  undoi: 
edly  lay  in  the  direct  path  of  chemical  research  at  the  time.  It  wae 
great  consequence  in  the  view  it  gave  of  experiments  in  compositi^ 
for  the  small  quantity  of  water  produced  in  many  sucli  processes,  1 
been  quite  overlooked ;  though,  as  it  now  appeared,  this  water  offe 
the  key  to  the  whole  interpretation  of  the  change. 

Though  some  objections  to  Mr.  Cavendish's  view  were  ofliered 
Kir  wan,*  on  the  whole  they  were  generally  received  with  assent   : 
admiration.     But  the  bearing  of  these  discovencs  upon  the  new  the 
of  Lavoisier,  who  rejected  phlogiston,  was  so  close,  that  we  cannot 
ther  trace  the  history  of  the  subject  without  proceeding  immedia-'' 
to  that  theory. 

[2nd  Ed.]     [I  have  elsewhere  stated,* — with  reference  to  rec 
attempts  to  deprive  Cavendish  of  the  credit  of  his  discovery  of 
composition  of  water,  and  to  transfer  it  to  Watt, — that  Watt  not  c 
did  not  anticipate,  but  did  not  fully  appreciate  the  discovery  of  Ca^ 
dish  and  Lavoisier ;  and  I  have  expressed  my  concurrence  with 
Vernon  Uarcourt's  views,  when  he  says,**  that  "  Cavendish  pared 
from  the  current  hypotheses  their  theory  of  combustion,  and  their  J 
nities  of  imponderable  for  ponderable  matter,  as  complicating  chen* 
with  physical  considerations ;  and  he  then  corrected  and  adjusted  tl 
with  admirable  skill  to  the  actual  phenomena,  not  binding  the  facfc 
the  theory,  but  adapting  the  theoiy  to  the  fact^." 

I  conceive  that  the  discussion  which  the  subject  has  recently  receii 
has  left  no  doubt  on  the  mind  of  any  one  who  has  perused  the  dc 


•PAi/.  7Van«.  I784,p.  128.  •Ib.p.l29.  »  A  P.  1781,  p.  472.  ''P.T.llSi^p, 
•  Philosophy^  b.  tL  0. 4.  "  Address  to  the  British  Association,  1889 
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menta,  that  OavendiBh  is  justly  entitled  to  the  honor  of  this  discover}*, 
^wliich  in  his  own  time  was  never  contested.    The  publication  of  his 
Jounials  of  Experiments"  shows  that  he  succeeded  in  establishing  the 
point  in  question  in  July,  1781.    Ilis  experiments  are  referred  to  in  an 
abstract  of  a  paper  of  Priestley's,  made  by  Dr.  Maty,  the  secretary  of 
tlie  Royal  Society,' in  June,  1783.    In  June,  1783,  also,  Dr.  Blagdcn 
coimnnnicated  the  result  of  Cavendish's  experiments  to  Lavoisier,  at 
X^mris.    "Watt's  letter,  containing  his  hypothesis  that  **  water  is  com- 
posed of  dephlogisticated  air  and  phlogiston  deprived  of  part  of  their 
latent  or  elementary  heat ;  and  that  phlogisticatcd  or  pure  air  is  com- 
posed of  water  deprived  of  its  phlogiston  and  united  to  elementary  heat 
and  light,"  was  not  read  till  Nov.  1783 ;  and  even  if  it  could  have  sug- 
gested such  an  experiment  as  Cavendish's  (which  docs  not  appear 
likely),  is  proved,  by  the  dates,  to  have  had  no  share  in  doing  so. 

Mr.  Cavendish's  experiment  was  suggested  by  an  experiment  in 
which  Warltire,  a  lecturer  on  chemistry  at  Birmingham,  exploded  a 
niixture  of  hydrogen  and  common  air  in  a  close  vessel,  in  order  to 
determine  whether  heat  were  ponderable.] 


CHAPTER  VI. 
Epoch  of  the  Theory  of  Oxygen. — Lavoisier. 


Sect,  I. — Prelude  to  the  Theory. — Its  Publication, 

TFE  arrive  now  at  a  great  epoch  in  the  history  of  Chemistry.     Few 

'   revolutions  in  science  have  immediately  excited  so  miicli  general 

'Notice  as  the  introduction  of  the  theory  of  oxygen.     Tlic  simplicity 

^^^  symmetry  of  the  modes  of  combination  which  it  assumed ;  and, 

^We  all,  tlie  construction  and  universal  adoption  of  a  nomenclature 

^hicli  applied  to  all  substances,  and  which  seemed  to  reveal  their 

^'imost  constitution  by  their  name,  naturally  gave  it  an  almost  irrcsiv 

"^e  sway  over  men's  minds.     We   must,  however,  dispassionately 

^*<^  the  course  of  fts  introduction. 


"  Appendix  to  Mr.  V.  Harcourt's  Address, 
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Antoine  Laarent  Lavoisier,  an  accomplished  French  chenuBt^  h 
pursued,  with  zeal  and  skill,  researches  such  as  those  of  Black,  Cave 
dish,  and  Priestley,  which  wo  have  described  above.  In  1774,  I 
showed  that,  in  the  calcination  of  metals  in  air,  the  metal  acquires 
much  weight  as  the  air  loses.  It  might  appear  that  this  discoveiy 
once  overturned  the  view  which  supposed  the  metal  to  be  phlogisti 
added  to  the  calx.  Lavoisier^s  contemporaries  were,  however,  &r  ftc 
allowing  this ;  a  greater  mass  of  argument  was  needed  to  bring  tha 
to  this  conclusion.  Convincing  proofk  of  the  new  opinion  were,  he 
ever,  rapidly  supplied.  Thus,  when  Priestley  had  discovered  depla 
gisticated  air,  in  1774,  Lavoisier  showed,  in  1775,  that  fixed  air  om 
sisted  of  charcoal  and  the  dephlogisticated  or  pure  air ;  for  the  mezr 
rial  calx  which,  heated  by  itself,  gives  out  pure  air,  gives  out,  wft 
heated  with  charcoal,  fixed  air,'  which  has,  therefore,  since  been  ca& 
carbonic  acid  pas. 

Again,  Lavoisier  showed  that  the  atmospheric  air  consists  of  pure 
vital  air,  and  of  an  unvital  air,  which  he  thence  called  azot.  The  ir: 
air  he  found  to  be  the  agent  in  combustion,  acidification,  calcinate 
respiration ;  all  of  these  processes  were  analogous  :  all  consisted  i 
decomposition  of  the  atmospheric  air,  and  a  fixation  of  the  pur^ 
vital  portion  of  it. 

But  he  thus  arrived  at  the  conclusion,  that  this  pure  air  was  ad<5i 
in  all  the  cases  in  which,  according  to  the  received  theory,  phlogtM 
was  subtracted,  and  vice  versA.  He  gave  the  name'  of  oxygen  {pnm^ 
oxygene)  to  "  the  substance  which  thus  unites  itself  with  metals  to  fie 
their  calces,  and  with  combustible  substances  to  form  acids." 

A  new  theory  \fas  thus  produced,  which  would  account  for  all 
facts  which  the  old  one  would  explain,  and  had  besides  the  evid^^ 
of  the  balance  in  its  favor.     But  there  still  remained  some  appaJT 
objections  to  be  removed.     In  the  action  of  dilute  acids  on  m&^ 
inflammable  air  was  produced.     Whence  came  this  elenaent  ?     ^ 
discovery  of  the  decomposition  of  water  sufficiently  answered  this  c|^ 
tion,  and  converted  the  objection  into  an  argument  on  the  side  of    ' 
theory  :  and  thus  the  decomposition  of  water  was,  in  fact,  one  of 
most  critical  events  for  the  fortune  of  the  Lavoisierian  doctrine,   ^ 
one  which,  more  than  any  other,  decided  chemists  in  its  favor, 
succeeding  years,  Lavoisier  showed  the  consistency  of  his  theory  -^ 


*  Mem,  Ac,  Par.  1776.  •  Mem,  Ac.  Par,  1781,  p.  448. 
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all  tJiat  was  discovered  concerning  the  composition  of  alcohol,  oil,  ani- 
mal  and  Tegetable  substances,  and  many  other  bodies. 

It  is  not  necessary  for  ns  to  consider  any  further  the  evidence  for 
tl&is  theory,  but  we  must  record  a  few  circumstances  respecting  its 
^aurlier  history.     Rey,  a  French  physician,  had  in  1630,  published  a 
l>ook,  in  which  he  inquires  into  the  grounds  of  the  increase  of  the 
^"Feight  of  metals  by  calcination.*      Ho  says,  "  To  this  question,  then, 
supported  on  the  grounds  already  mentioned,  I  answer,  and  maintain 
"^ith  confidence,  that  the  increase  of  weight  arises  from  the  air,  which 
i»  condensed,  rendered  heavy  and  adhesive,  by  the  heat  of  the  furnace." 
Hoolce  and  Mayow  had  entertained  the  opinion  that  the  air  contains 
1^  **  nitrous  spirit,"  which  is  the  supporter  of  combustion.     But  Lavoi- 
sier disclaimed  the  charge  of  having  derived  anything  from  these 
•omxjes ;  nor  is  it  difficult  to  understand  how  the  received  generali- 
sations of  the  phlogistic  theory  had  thrown  all  such  narrower  explana 
tions  into  obscurity.     The  merit  of  Lavoisier  consiste'd  in  his  combin- 
^'ig  the  generality  of  Stahl  with  the  verified  conjectures  of  Rey  and 
Mayow. 

No  one  could  have  a  better  claim,  by  his  early  enthusiasm  for 

•^ience,  his   extensive    knowledge,    and  his  zealous  labors,  to  hope 

^at  a  great  discovery  might  fall  to  his  share,  tlian  Lavoisier.     His 

^•thcr,*    a  man  of  considerable  fortune,   had  allowed  him  to  make 

•cionce  his  only  profession  ;   and  the  zealous  philosopher  collecte<l 

about  him  a  number  of  the  most  active  physical  inquirers  of  his  time, 

^ho  met  and  experimented  at  his  house  one  day  in  the  week.   In  this 

*^tool,  the  new  chemistry  was  gradually  formed.     A  few  years  after 

^^publication  of  Priestley's  first  experiments,  Lavoisier  was  struck 

'^th  the  presentiment  of  the  theory  which  he  was  afterwards  to  pro- 

^^ce.     In  1772,  he  deposited*  with  the  secretary  of  the  Academy,  a 

'^ote  which  contained  the  germ  of  his  future  doctrines.     "  At  that 

^^nie,"  he  says,  in  explaining  this  step,  "  there  wjis  a  kind  of  rivalry 

"^ween  France  and  England  in  science,  whi<*]i  gave  importance  to 

^^w  experiments,  and  which  sometimes  was  the  cause  that  the  writers 

^^  the  one  or  other  of  the  nations  disputed  the  discovery  with  the  real 

*^thor."     In  1777,  the  editor  of  the  Memoirs  of  the  Academy  speaks 

^f  his  theory  as  overturning  that  of  Stahl ;  but  the  general  acceptance 

^^  the  new  opinion  did  not  take  place  till  later. 


*  Thomson,  Hut,  Chem,  ii.  95.  '  Bio^r.  Univ.  (Cuvier.) 

^  Thomson,  ii.  99. 
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Sect.  2. — Reception  and  Confirmation  of  the  Theory  of  Oxygm^ 


Tub  Oxygen  Theory  made  its  way  with  extraordinary  rapidity  i 
the  best  philosophers.'  In  1785,  that  is,  soon  after  Cavendia 
synthesis  of  water  had  removed  some  of  the  most  formidable  objectL 
to  it,  Berthollet,  already  an  eminent  chemist,  declared  himad 
convert  Indeed  it  was  so  soon  generally  adopted  in  France,  that  Fc 
croy  promulgated  its  doctrines  under  the  name  of  ^  La  Chimie  Fb 
qaise,"  a  title  which  Lavoisier  did  not  altogether  relish.  The  es 
ordinary  eloquence  and  success  of  Fourcroy  as  a  lecturer  at 
Jardin  des  Plantcs,  had  no  small  share  in  the  diffusion  of  the  ox]^ 
theory ;  and  the  name  of  "  the  apostle  of  the  new  chemistry"  wX 
was  at  first  given  him  in  ridicule,  was  justly  held  by  him  to  be  a 
rious  distinction.^ 

Guyton  do  Morvcau,  who  had  at  first  been  a  strenuous  advocaUc 
the  phlogistic  theory,  was  invited  to  Paris,  and  brought  over  to 
opinions  of  Lavoisier;  and  soon  joined  in  the  formation  of  the  noKX 
clature  founded  upon  the  theory.  This  step,  of  which  we  shall  sh^o 
speak,  fixed  the  new  doctrine,  and  diffused  it  further.  Dclamctb 
alone  defended  the  phlogistic  theory  with  vigor,  and  indeed  with, 
lence.  He  was  the  editor  of  the  Journal  de  Physique,  and  to  e"^ 
the  influence  which  this  gave  him,  the  antiphlogistians*  establish 
as  the  vehicle  of  their  opinions,  another  periodical,  the  Annal^^ 
Chimie. 

In  England,  indeed,  their  success  was  not  so  immediate.  Cavendi 
in  his  Memoir  of  1784,  speaks  of  the  question  between  the 
opinions  as  doubtful.     "There  are,"   he  says,  "several  Memoirs 
M.  Lavoisier,  in  which  ho  entirely  discards  phlogiston ;   and  as 
only  tJie  foregoing  experiments,  but  most  other  phenomena  of  nati 
seem  explicable  as  well,  or  nearly  as  well,  upon  this  as  upon  the  c< 
monly  believed    principle   of  phlogiston,"    Cavendish    proceeds 
explain  his  experiments  according  to  the  now  views,  expressing 
decided  preference,  however,  for  either  system.     But  Kirwan,  anati 
English  chemist,  contested  the   point  much   more   resolutely.    I 
theory  identified  inflammable  air,  or  hydrogen,  with  phlogiston ;  tf 
in  this  view,  he  wrote  a  work  which  was  intended  as  a  confutation  < 


•  Thomson,  ii  180.  *  Cuvier,  Moge*,  i.  p.  20. 

•  Thomson,  il  133.  *  Phil.  Trana.  1784,  p.  IW. 
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a^G  essential  part  of  the  oxygen  theory.     It  is  a  strong  proof  of 
tJbe   steadiness  and  clearness  with  which  the  advocates  of  the  new 
Bystem  possessed  their  principles,   that  they  immediately  translated 
this  work,  adding,  at  the  end  of  each  chapter,  a  refutation  of  the 
phlogistic  doctrines  which  it  contained.     Lavoisier,  Berthollet,  De 
Morveao,  Fourcroy,  and  Monge,  were  the  authors  of  this  curious 
specimen  of  scientific  polemics.    It  is  also  remarkable  evidence  of  the 
candor  of  Earwan,  that  notwithstanding  the  prominent  part  he  had 
taken  in  the  controversy,  he  allowed  himself  at  last  to  be  convinced. 
After  a  struggle  of  ten  years,  he  wrote"  to  Berthollet  in  1796,  "  I 
lay  down  my  arms,  and  abandon  the  cause  of  phlogiston."     Black 
followed  the  same  course.     Priestley  alone,   of  all  the  chemists  of 
great  name,  would  never  assent  to  the  new  doctrines,  though  his  own 
discoveries  had  contributed  so  much  to  their  establishment.     "He 
saw,"  says  Cuvier,"  "  without  flinching,  the  most  skilful  defenders  of 
the  ancient  theory  go  over  to  the  enemy  in  succession ;  and  when 
Kirwan  had,  almost  the  last  of  all,  abjured  phlogiston,  Priestley  re- 
mained alone  on  the  field  of  battle,  and  threw  out  a  new  challenge,  in 
a  memoir  addressed  to  the  principal  French  chemists.""     It  happened, 
curiously  enough,  that  the  challenge  was  accepted,  and  the  arguments 
answered  by  M.  Adet,  who  was  at  that  time  (1V98,)  the  French  am- 
^^assador  to  the  United  States,  in  which  country  Priestley's  work  was 
pnblisbcd.     Even  in  Germany,  the  birth-place  and  home  of  the  phlo- 
&^c  theory,   the   struggle   was  not   long  protracted.    There  was, 
indeed,  a  controversy,  the  older  phiIosophei*s  being,   as  usual,  the 
defenders  of  the  established  doctrines ;  but  in  1V92,  Klaproth  repeated, 
hefore  the  Academy  of  Berlin,  all  the  fundamental  experiments ;  and 
"  Ae  result  was  a  full  conviction  on  the  part  of  Klaproth  and  the 
Academy,  that  the  Lavoisierian  theory  was  the  true  one."  "     Upon 
^6  whole,  the  introduction  of  the  Lavoisierian  theory  in  the  scientific 
^or\(\^  when  compared  with  the  great  revolution  of  opinion  to  which 
^^  Comes  nearest  in  importance,  the  introduction  of  the  Newtonian 
theory,  shows,  by  the  rapidity  and  temper  with  which  it  took  place,  a 
^^t  improvement,  both  in  the  means  of  arriving  at  truth,  and  in  the 
^P^Ht  with  which  they  were  used. 

Some  English  writers*'  have  expressed  an  opinion  that  there  was 


Pref  to  Foiircroy's  Chemistry,  xiv.     "  Cuvicr,  Eloffe  de  Prict^tley,  p.  208. 
^  Thomson,  vol.  ii.  p.  136. 
**  Brnnde,  Hitt.  Diss,  in  Enc.  Brit.  p.  182.     Limn,  Chem.  in  Enc.  Met,  p.  5')«' 
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little  that  was  original  in  the  new  doctrines.  But  if  they  were  fc- 
obvious,  what  are  we  to  say  of  eminent  chemists,  as  Black  and  Caves! 
dish,  who  hesitated  when  they  were  presented,  or  Eirwan  and  Priestly 
who  rejected  them  ?  Tliis  at  least  shows  that  it  required  some  pec=a 
liar  insight  to  see  the  evidence  of  these  truths.  To  say  that  moat  •- 
the  materials  of  Lavoisier's  theory  existed  before  him,  is  only  to  sae 
that  his  great  merit  was,  that  which  must  always  be  the  great  merit 
a  new  theory,  his  generalization.  The  effect  which  the  publication 
his  doctrines  produced,  shows  us  that  he  was  the  first  person  wlH 
possessing  clearly  the  idea  of  quantitative  composition,  applied  it  ste^B 
ily  to  a  great  range  of  well-ascertained  facts.  This  is,  as  we  have  oMi 
had  to  observe,  precisely  the  universal  description  of  an  inductive  ^S 
coverer.  It  has  been  objected,  in  like  manner,  to  the  originality 
Newton's  discoveries,  that  they  were  contained  in  those  of  EepX 
They  were  so,  but  they  needed  a  Newton  to  find  them  there.  HT* 
originality  of  the  theory  of  oxygen  is  proved  by  the  conflict,  short 
it  was,  which  accompanied  its  promulgation ;  its  importance  is  sho  '^ 
by  the  changes  which  it  soon  occasioned  in  every  part  of  the  scienc^^ 
Thus  Lavoisier,  far  more  fortunate  than  most  of  those  who  had,  : 
earlier  ages,  produced  revolutions  in  science,  saw  his  tlieory  accepts 
by  all  the  most  eminent  men  of  his  time,  and  established  over  a  groB 
part  of  Europe  within  a  few  years  from  its  first  promulgation.  In  th* 
common  course  of  events,  it  might  have  been  expected  that  the  latW 
years  of  his  life  would  have  been  spent  amid  the  admiration  and  reve- 
rence which  naturally  wait  upon  the  patriarch  of  a  new  system  of  ac- 
knowledged truths.  But  the  times  in  which  he  lived  allowed  no  suck 
euthanasia  to  eminence  of  any  kind.  The  democracy  which  overthrew 
the  ancient  political  institutions  of  France,  and  swept  away  the  nobles 
of  the  land,  was  not,  as  might  have  been  expected,  enthusiastic  in  its 
admiration  of  a  great  revolution  in  science,  and  forward  to  offer  its 
homage  to  the  genuine  nobility  of  a  great  discoverer.  Lavoisier  was 
thrown  into  prison  on  some  wretched  charge  of  having,  in  the  dis- 
charge of  a  public  office  which  he  had  held,  adulterated  certain  tobac- 
co ;  but  in  reality,  for  the  purpose  of  confiscating  his  property."  In 
his  imprisonment,  his  philosophy  was  his  resource;  and  he  employed 
himself  in  the  preparation  of  his  papers  for  printing.  AVhen  he  was 
brought  before  the  revolutionary  tribunal,  he  begged  for  a  respite  of  a 
few  days,  in  order  to  complete  some  researches,  the  results  of  which 
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were,  he  Siiid,  important  to  the  goo<l  of  InuiKinity.  The  brutish  idiot, 
whom  the  state  of  the  country  at  that  time  had  placed  in  the  judg- 
ment-seat, told  him  that  the  republic  wanted  no  89avans.  He  was 
dragged  to  the  guillotine,  May  the  8th,  1794,  and  beheaded,  in  the 
fiftj-second  year  of  his  age ;  a  melancholy  proof  that,  in  periods  of 
political  ferocity,  innocence  and  merit,  private  virtues  and  public  servi- 
ces, amiable  manners  and  the  love  of  friends,  literary  fame  and  exalted 
genius,  are  all  as  nothing  to  protect  their  possessor  from  the  last 
extremes  of  violence  and  wrong,  inflicted  under  judicial  forms. 

Sect,  3. — Nomenclature  of  the  Oxygen  Theory. 

As  we  Lave  already  said,  a  powerful  instrument  in  establishing  and 
^^MboDg  the  new  chemical  theory,  was  a  Systematic  Nomenclature 
bonded  upon  it,  and  applicable  to  all  chemical  compounds,  which 
^•i  aoon  constructed  and  published  by  the  authors  of  the  theory. 
^H«h  g  nomenclature  made  its  way  into  general  use  the  more  easily, 
*^    that  the  want  of  such  a  system  had  already  been  severely  felt ; 
^***  names  in  common  use  being  fantastical,  arbitrary,  and  multiplied 
^yond  mensure.     The  number  of  known  substances  had  become  so 
8*^ott^  that  a  liat  of  names  with  no  regulative  principle,  founded  on 
^^^^ent>  caprice,  and  error,  was  too  cumbrous  and  inconvenient  to 
*^  tolerated.    Even  before  the  currency  which  Lavoisier's  theory 
attained,  these  evils  had  led  to  attempts  towards  a  more  convenient 
*^  of^names.     Bergman  and  Black  had  constructed  such  lists;  and 
^UTton  dc  Morveau,  a  clever  and  accomplished  hi>>yer  of  Dijon,  had 
formed  a  system  of  nomenclature  in  1782,  before  he  had  become  a 
convert  to  Lavoisier's  theory,  in  which  task  he  had  been  exhorted  and 
encouraged  by  Bergman  and  3facquer.     In  this  system,"  we  do  not 
find  most  of  the  characters  of  the  method  which  was  afterwards 
adopted.    But  a  few  years  later,  Lavoisier,  De  Morveau,  Berthollet 
JUid  Fonrcroy,  associated  themselves  for  the  purpose  of  producing  a 
nomenclature  which  should  correspond  to  the  new  theoretical  views. 
^JB  appeared  in  1787,  and  soon  made  its  way  into  general  use.     The 
"^  features  of  this  system  are,  a  selection  of  the  simplest  radical 
voids,  by  which  substances  arc  designated,  and  a  systematic  distribu- 
^  of  terminations,  to  express  their  relations.     Thus,  sulpliur,  com- 
bined with  oxygen  in  two  different  proportions,  forms  two  acids,  the 


'  Journal  de  Physique,  1782,  p.  370. 
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sulpliurozitf  and  tho  sulphuric;  and  these  acids  form,  with  car 
alkaline  bases,  sulphtto^  and  6ulpha7e« ;  while  sulphur  direcUj 
bined  with  another  element,  forms  a  sulphured.  The  term  oxyd 
usually  written  oxide)  expressed  a  lower  degree  of  combinatiw 
oxygen  than  the  acids.  The  Metkode  de  Nomenclature  Chimiqi 
published  in  1*787;  and  in  1789,  Lavoisier  published  a  trcati 
chemistry  in  order  further  to  explain  this  method.  In  the  preC 
this  volume,  he  apologizes  for  the  great  amount  of  the  changei 
pleads  the  authority  of  Bergman,  who  had  exhorted  De  Morvea 
spare  no  improper  names;  those  who  are  learned  will  alwaj 
learned,  and  those  who  are  ignorant  will  thus  learn  sooner."  T< 
maxim  they  so  far  conformed,  that  their  system  offers  few  anont 
and  though  the  progress  of  discovery,  and  the  consequent  chang 
theoretical  opinion,  which  have  since  gone  on,  appear  now  to  w 
a  further  change  of  nomenclature,  it  is  no  small  evidence  of  the 
with  which  this  scheme  was  arranged,  that  for  half  a  century  i 
universally  used,  and  felt  to  be  far  more  useful  and  effective  thti 
nomenclature  in  any  science  had  ever  been  before. 


CHAPTER  VII. 
Application  and  Correction  of  the  Oxygen  Theori. 

SINCE  a  chemical  theory,  as  far  as  it  is  true,  must  enable 
obtain  a  true  view  of  the  intimate  composition  of  all  bodies  ^ 
ever,  it  will  readily  be  supposed  that  the  new  chemistry  led  1 
immense  number  of  analyses  and  researches  of  various  kinds.  \ 
it  is  not  necessary  to  dwell  upon  ;  nor  will  I  even  mention  the  i 
of  any  of  the  intelligent  and  diligent  men  who  have  labored  ii 
field.  Perhaps  one  of  the  most  striking  of  such  analyses  was  I 
decomposition  of  the  earths  and  alkalies  into  metallic  bases  and 
gen,  in  1807  and  1808;  thus  extending  still  further  that  an 
between  the  earths  and  the  calces  of  the  metals,  which  had  had  so 
a  share  in  the  fonnation  of  chemical  theories.  This  discovery, 
ever,  both  in  the  means  by  which  it  was  made,  and  in  the  vie 
which  it  led,  bears  upon  subjects  hereafter  to  be  treated  of. 

The  Lavoisierian  theory  also,  wide  as  was  the  range  of  truth  i 
it  embraced,  required  some  limitation  and  correction.     I  do  nol 
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peak  of  some  erroneous  opinions  entertained  by  the  author  of  the 
theory ;  as,  for  instance,  that  the  heat  produced  in  combustion,  and 
eroi  in  respiration,  arose  from  the  conversion  of  oxygen  gas  to  a  solid 
ooosistencc,  according  to  the  doctrine  of  latent  heat.  Such  opinions 
not  being  necessarily  connected  with  the  general  idea  of  the  theory, 
need  not  here  be  considered.  But  the  leading  generalization  of  La- 
Toiuer,  that  acidification  was  always  combination  with  oxygen,  was 
iMud  untenable.  ^The  point  on  which  the  contest  on  this  subject 
took  place  was  the  constitution  of  the '  oxy muriatic  and  muriatic 
acids ;— as  they  had  been  termed  by  BerthoUct,  from  the  belief  that 
mnriatic  acid  contained  oxygen,  and  oxymuriatic  a  still  larger  dose  of 
oxygen.  In  opposition  to  this,  a  new  doctrine  was  put  forward  in 
1809  by  Gay-Lussac  and  Thenard  in  France,  and  by  Davy  in  Eng- 
lud ;— namely,  that  oxymuriatic  acid  was  a  simple  substance,  which 
^  termed  chlorine^  and  that  muriatic  acid  was  a  combination  of 
ilorine  with  hydrogen,  which  therefore  was  called  hydrochloric  acid. 
It  miy  be  observed,  that  the  point  in  dispute  in  the  controversy  on 
this  subject  was  nearly  the  same  which  had  been  debated  in  the 
course  of  the  establishment  of  the  oxygen  theory ;  namely,  whether 
"1  the  formation  of  muriatic  acid  from  chlorine,  oxygen  is  subtracted, 
or  hydrogen  added,  and  the  water  concealed. 

h  the  course  of  this  dispute,  it  was  allowed  on  both  sides,  that  the 
^combination  of  dry  nmriatic  acid  and  ammonia  afforded  an  experiment 
^mcrucis;  since,  if  water  was  produced  from  these  elements,  oxygen 
inast  have  existed  in  the  acid.  Davy  being  at  Edinburgh  in  1812, 
"^ia  experiment  was  made  in  the  presence  of  several  eminent  philoso- 
V^^n\  and  the  result  was  found  to  be,  that  though  a  slight  dew 
*PP<Jared  in  the  vessel,  there  was  not  more  than  might  be  ascribed  to 
wnaroidable  imperfection  in  the  process,  and  certainly  not  so  much  as 
"»e  old  theory  of  muriatic  acid  required.  The  new  theory,  after  this 
period,  obtained  a  clear  superiority  in  the  minds  of  philosophical  chc- 
^^t&j  and  was  further  supported  by  new  analogies.* 

^or,  the  existence  of  one  hydracid  being  thus  established,  it  was 
"^Qnd  that  other  substances  gave  similar  combinations ;  and  thus  che- 
'^ists  obtained  the  hydriodic^  hydrofluoric^  and  hydrohromic  acids, 
^'lese  acids,  it  is  to  be  observed,  fonn  salts  with  bases,  in  the  same 
^nner  as  the  oxygen  acids  do.  The  analogy  of  the  muriatic  and 
^Oric  compounds  was  first  clearly  urged  by  a  philosopher  who  was 
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not  peculiarly  engaged  in  chemical  researcli,  but  who  was  often 
tinguislied  by  his  rapid  and  happy  generalizations,  M.  Ampere, 
supported  this  analogy  by  many  ingenious  and  original  argument 
letters  written  to  Davy,  while  that  chemist  was  engaged  in  hii 
searches  on  fluor  spar,  as  Davy  himself  declares." 

Still  further  changes  have  been  proposed,  in  that  classificatiffl 
elementary  substances  to  which  the  oxygen  theory  led.  It  has  I 
held  by  Berzelius  and  others,  that  other  elements,  as,  for  exam 
sulphur,  form  salts  with  the  alkaline  and  earthy  metals,  rather  t 
sulphurets.  The  character  of  these  sulpho-salts^  however,  is  still  qi 
tioned  among  chemists ;  and  therefore  it  does  not  become  us  to  sp 
as  if  their  place  in  history  were  settled.  Of  course,  it  will  easily 
understood  that,  in  the  same  manner  in  which  the  oxygen  theory 
troduccd  its  own  proper  nomenclature,  the  overthrow  or  material  tn 
formation  of  the  theory  would  require  a  change  in  the  nomenclatn 
'  or  rather,  the  anomalies  which  tended  to  disturb  the  theory,  wouM 
they  were  detected,  make  the  theoretical  terms  be  felt  as  inappropri 
and  would  suggest  the  necessity  of  a  reformation  in  that  respect  '. 
the  discussion  of  this  point  belongs  to  a  step  of  the  science  whid 
to  come  before  us  hereafter. 

It  may  be  observed,  that  in  approaching  the  limits  of  this  part 
our  subject,  as  wc  are  now  doing,  the  doctrine  of  the  combinatioi 
acids  and  hases^  of  which  we  formerly  traced  the  rise  and  prop 
is  still  assumed  as  a  fundamental  relation  by  which  other  relations 
tested.  This  remark  connects  the  stage  of  chemistry  now  under 
notice  with  its  earliest  steps.  But  in  order  to  point  out  the  chem 
bearing  of  the  next  subjects  of  our  narrative,  we  may  furtber  obse 
that  metals,  earths,  salts,  are  spoken  of  as  known  classes  of  substan 
and  in  like  manner  the  newly-discovered  elements,  which  form  the 
trophies  of  chemistry,  have  been  distributed  into  such  classes  3c© 
ing  to  their  analogies ;  thus  potassium,  sodium,  barium,  have  I 
asserted  to  be  metals ;  iodine,  bromine,  fluorine,  have  been  arraii 
as  analogical  to  chlorine.  Yet  there  is  something  vague  and  inddl 
in  the  boundaries  of  such  classifications  and,  analogies ;  and  it  is 
cisely  where  this  vagueness  falls,  that  the  science  is  still  obscun 
doubtful.  We  are  led,  therefore,  to  see  the  dependence  of  Chemi 
upon  Classification ;  and  it  is  to  Sciences  of  Classification  which 
shall  next  proceed  ;  as  soon  as  we  have  noticed  the  most  general  vi 
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wliich  have  been  given  of  chemical  relations,  namely,  the  views  of  the 
dectro-chemists. 

But  before  we  do  this,  we  must  look  back  upon  a  law  which  ob- 
tiios  in  the  combination  of  elements,  and  which  we  have  hitherto  not 
aUted ;  although  it  appears,  more  than  any  other,  to  reveal  to  us  the 
ffltbnate  constitution  of  bodies,  and  to  offer  a  basis  for  future  generali- 
atioitt.  I  speak  of  the  Atomic  Theory^  as  it  is  usually  termed ;  or,  as 
we  migfat  rather  calV  it,  the  Doctrine  of  Definite,  Reciprocal,  and 
Mnhiple  Proportions. 


CHAPTER  VIII. 
Ibiobt  of  Definite,  Reciprocal,  and  Multiple  Proportions. 


^<fc/.  1. — Prelude  to  the  Atomic   Theory,  and  its  Publication  by 

Dal  ton, 

"PBE  general  laws  of  chemical  combination  announced  by  Mr.  Dalton 
are  truths  of  the  highest  importance  in  the  science,  and  are  now 
•^^where  contested ;  but  the  view  of  matter  as  constituted  of  atoms, 
'^uich  he  has  employed  in  conveying  those  laws,  and  in  expressing  his 
opinion  of  their  cause,  is  neither  so  important  nor  so  certain.  In  the 
place  which  I  here  assign  to  his  discovery,  as  one  of  the  great  events 
of  the  history  of  chemistry,  I  speak  only  of  the  law  of  phenomena, 
^^e  roles  which  govern  the  quantities  in  which  elements  combine. 

This  law  may  be  considered  as  consisting  of  three  parts,  according 
^  the  above  description  of  it ; — that  elements  combine  in  definite 
Proportions ; — that  these  determining  proportions  operate  reciprocally , 
"^-and  that  when,  between  the  same  elements,  several  combining  pro- 
portions occur,  they  are  related  as  multiples. 

That  elements  combine  in  certain  definite  proportions  of  quantity, 
*nd  in  no  other,  was  implied,  as  soon  as  it  was  supposed  that  chemical 
^^nipounds  had  any  definite  properties.  Tha^^e  who  first  attempted  to 
^•tablish  regular  formulae*  for  the  constitution  of  sa.ts,  minerals,  and 
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Other  compounds,  assamed,  as  the  basis  of  this  process,  that  the  c 
ments  in  different  specimens  had  the  same  proportion.  Wenze^ 
1777,  published  his  Lehre  von  der  Verwandschaft  der  KOrper  ^  i 
Doctrine  of  the  Affinities  of  Bodies;  in  -which  he  gave  many  good  ti 
accurate  analyses.  His  work,  it  is  said,  never  grew  into  geneif 
notice.  Berthollet,  as  we  have  already  stated,  maintained  that  chert 
cal  compounds  were  not  definite ;  but  this  controversy  took  place  ii 
later  period.  It  ended  in  the  establishment  of  the  doctrine,  that  tli69 
is,  for  each  combination,  only  one  proportion  of  the  elements,  or  j 
most  only  two  or  three. 

Not  only  did  Wenzel,  by  his  very  attempt,  presume  the  first  law 
chemical  composition,  the  definiteness  of  the  proportions,  but  he  w 
also  led,  by  his  results,  to  the  second  rule,  that  they  are  reciproc 
For  he  found  that  when  two  neutral  salts  decompose  each  other,  i 
resulting  salts  are  also  neutral.  The  neutral  character  of  the  M 
shows  that  they  are  definite  compounds ;  and  when  the  two  clemei 
of  the  one  salt,  P  and  «,  are  presented  to  those  of  the  other,  B  and 
if  P  be  in  such  quantity  as  to  combine  definitely  with  w,  B  will  a 
combine  definitely  with  «.• 

Views  similar  to  those  of  Wenzel  were  also  published  by  Jerem 
Benjamin  Richter*  in  1792,  in  his  Anfanqsgrilnde  der  Siochyomet 
oder  Messkunst  Chymischer  JSlemente,  [Principles  of  the  Measure 
Chemical  Elements^)  in  which  he  took  the  law,  just  stated,  of  recij 
cal  proportions,  as  the  basis  of  his  researches,  and  determined  ■ 
numerical  quantities  of  the  common  bases  and  acids  which  wo 
saturate  each  other.  It  is  clear  that,  by  these  steps,  the  two  first 
our  three  rules  may  be  considered  as  fully  developed.  The  change 
general  views  which  was  at  this  time  going  on,  probably  preven 
chemists  from  feeling  so  much  interest  as  they  might  have  done  oth 
wise,  in  these  details ;  the  French  and  English  chemists,  in  particul 
were  fully  employed  with  their  own  researches  and  controversies. 

Thus  the  rules  which  had  already  been  published  by  Wenzel  fl 
Richter  had  attracted  so  little  notice,  that  we  can  hardly  consider  1 
Dalton  as  having  been  anticipated  by  those  writers,  when,  in  1803, 
began   to   communicate  his  views  on  the  chemical  constitution  • 


'  I  am  told  that  Wenzel  (whose  book  I  have  not  seen),  though  he  add© 
many  caaes  in  which  double  decomposition  gives  neutral  salts,  does  not  eipt 
the  proposition  in  a  general  form,  nor  use  letters  in  expressing  it 

•  Thomson,  Hut.  Chem.  vol.  ii.  p.  288. 
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bo^cs;  these  views  being  such  as  to  include  both  these  two  rules  m 
tbciT  most  general  form,  and  further,  the  rule,  at  that  time  -still  more 
new  to  chemists,  of  multiple  proportions.  Ho  conceived  bodies  as 
oompoficd  of  atoms  of  their  constituent  elements,  grouped,  either  one 
and  one,  or  one  and  two,  or  one  and  three,  and  so  on.  Thus,  if  C 
represent  an  atom  of  carbon  and  0  one  of  oxygen,  0  C  will  be  an 
atom  of  carbonic  oxide^  and  0  C  O  an  atom  of  carbonic  add ;  and 
hence  it  follows,  that  while  both  these  bodies  have  a  definite  quantity 
of  oxygen  to  a  given  quantity  of  carbon,  in  the  latter  substance  this 
qiuntity  is  double  of  what  it  is  in  the  former. 

The  consideration  of  bodies  as  consisting  of  compound  atoms,  each 
of  these  being  composed  of  elementary  atoms,  naturally  led  to  this  law 
<*f  onltiple  proportions.    In  this  mode  of  viewing  bodies,  Mr.  Dalton 
kad  been  preceded  (unknown  to  himself)  by  Mr.  Higgins,  who,  in  1789, 
pol&hed*  his  Comparative  View  of  the  Phlogistic  and  Antiphlogistic 
^^k>w«.     Ho  there  says,' "  That  in  volatile  vitriolic  acid,  a  single  ulti- 
""^•te  particle  of  sulphur  is  united  only  to  a  single  particle  of  dephlo- 
grocated  air ;  and  that  in  perfect  vitriolic  acid,  every  single  particle 
^f  sulphur  is  united  to  two  of  dcphlogisticatcd  air,-  being  the  quantity 
'JCceaBary  to  saturation ;"  and  he  reasons  in  the  same  manner  conccrn- 
^  the  constitution  of  water,  and  the  (rompounds  of  nitrogen   and 
^^gen.    These  observations  of  Higgins  were,  however,  made  casually, 
^'id  not  followed  out,  and  cannot  affect  Dalton's  claim  to  original  merit. 
Mr.  Dalton's  generalization  was  first  suggested*  during  his  examina- 
tion of  defiant  gas  and  carburettcd  hydrogen  gas ;  and  was  asserted 
generally, 'on  the  strength  of  a  few  facts,  being,  as  it  were,  irresistibly 
^^ommended  by  the  clearness  and  simplicity  which  the  notion  pos- 
ftftssed.    Mr.  Dalton  himself  represented  the  compound  atoms  of  bodies 
^y  sjrrabols,  which  professed  to  exhibit  the  arrangement  of  the  ele- 
mentary atoms  in  space  as  well  as  their  numerical  proportion ;  and  he 
Jittached  great  importance  to  this  part  of  his  scheme.     It  is  clear,  how- 
ever, that  this  part  of  his  doctrine  is  not  essential  to  that  numerical 
comparison  of  the  law  with  facts,  on  which  its  establishment  rests. 
These  hypothetical  configurations  of  atoms  have  no  value  till  they  are 
confirmed  by  coiTcsponding  facts,  such  as  the  optical  or  crystalline 
properties  of  bodies  may  perhaps  one  day  furnish. 


Torner^B  Chem.  p.  217.  *  P.  36  and  87. 

ThomsoD,  ToL  il  p.  291. 
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Sect,  2. — Reception  and  Confirmation  of  the  Atomic  Them 

In  order  to  give  a  sketcli  of  the  progress  of  the  Atomic  Theor 
general  reception,  we  cannot  do  better  than  borrow  our  infoni 
mainly  from  Dr.  Thomson,  who  was  one  of  the  earliest  converti 
most  effective  promulgators  of  the  doctrine.  Mr.  Dalton,  at  the 
when  he  conceived  his  theory,  was  a  teacher  of  mathematics  at 
Chester,  in  circumstances  which  might  have  been  considered  na 
if  he  himself  had  been  less  sijnple  in  his  manner  of  life,  and 
moderate  in  his  worldly  views.  Ilis  experiments  were  generally  i 
with  apparatus  of  which  the  simplicity  and  cheapness  correspond 
the  rest  of  his  habits.  In  1804,  he  was  already  in  possession  c 
atomic  theory,  and  explained  it  to  Dr.  Thomson,  who  visited  hii 
that  time.  It  was  made  known  to  the  chemical  world  in  Dr.  T 
son's  Chemistry  J  in  1807  ;  and  in  Dalton's  own  System  of  Chm 
(1808)  the  leading  ideas  of  it  were  very  briefly  stated.  Dr.  W< 
ton's  memoir,  "  on  superacid  and  subacid  salts,"  which  appeared  i 
Philosophical  Transactions  for  1808,  did  much  to  secure  this  tl 
a  place  in  the  estimation  of  chemists.  Here  the  author  states, 
he  had  observed,  in  various  salts,  the  quantities  of  acid  combined 
the  base  in  the  neutral  and  in  the  superacid  salts  to  be  as  one  to 
and  he  says  that,  thinking  it  likely  this  law  might  obtain  general 
such  compounds,  it  was  his  design  to  have  pursued  this  subject, 
the  hope  of  discovering  the  cause  to  which  so  regular  a  relation 
be  ascribed.  But  he  adds,  that  this  appears  to  be  superfluous  afU 
publication  of  Dalton's  theory  by  Dr.  Thomson,  since  all  such  fee' 
but  special  cases  of  the  general  law.  We  cannot  but  remark  here, 
the  scrupulous  timidity  of  Wollaston  was  probably  the  only  im 
ment  to  his  anticipating  Dalton  in  the  publication  of  the  rule  of 
tiple  proportions ;  and  the  forwardness  to  generalize,  which  belon 
the  character  of  the  latter,  justly  secured  him,  in  this  instance 
name  of  the  discoverer  of  this  law.  The  rest  of  the  English  che 
soon  followed  Wollaston  and  Thomson,  though  Davy  for  some 
resisted.  They  objected,  indeed,  to  Dalton's  assumption  of  atoms, 
to  avoid  this  hypothetical  step,  Wollaston  used  the  phrase  cA« 
equivalents^  and  Davy  the  word  proportions^  for  the  numbers  n 
expressed  Dalton's  atomic  weights.  We  may,  however,  venture  V 
that  the  tenn  "  atom"  is  the  most  convenient,  and  it  need  not  be  ui 
stood  as  claiming  our  assent  to  the  hypothesis  of  indivisible  molec 
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A»  Wollaston  and  Dalton  were  thus  arriviog  independently  at  the 
vam  result  in  England,  other  chemists,  in  other  countries,  were,  un- 
blown  to  each  other,  travelling  towards  the  same  point. 

In  1807,  Berzelius,^  intending  to  publish  a  system  of  chemistry, 
veot  through  several  works  little  read,  and  among  others  the  treatises 
rf  Kchter.  He  Was  astonished,  he  tells  us,  at  the  light  which  was 
there  thrown  upon  composition  and  decomposition,  and  which  had 
Berer  been  turned  to  profit  He  was  led  to  a  long  train  of  experi- 
»«rtal  research,  and,  when  he  received  information  of  Dalton's  ideas 
deeming  multiple  proportions,  he  found,  in  his  own  collection  of 
ttiljses,  a  full  confirmation  of  this  theory. 

Some  of  the  Germans,  indeed,  appear  discontented  with  the  parti- 
fen  of  reputation  which  has  taken  place  with  respect  to  the  Theory 
^^Dc&nite  Proportions.    One*  of  them  says,  "  Dalton  has  only  done 
"i ; — he  has  wrapt  up  the  good  Richter  (whom  he  knew ;  compare 
Schweigger,  T,  older  series,  vol.  x.,  p.  381 ;)  in  a  ragged  suit,  patched 
^^ther  of  atoms ;  and  now  poor  Richter  conies  back  to  his  own 
^Uutry  in  such  a  garb,  like  Ulysses,  and  is  not  recognizecl."     It  is  to 
^  i^ollected,  however,  that  Richter  says  nothing  of  multiple  pro- 
portions. 

The  general  doctrine  of  the  atomic  theory  is  now  firmly  established 
^*^er  the  whole  of  the  chemical  world.  There  remain  still  several 
introverted  points,  as,  for  instance,  whether  the  atomic  weights  of 
^  elements  are  exact  multiples  of  the  atomic  weight  of  hydrogen. 
^*  Prout  advanced  several  instances  in  which  this  appeared  to  be 
^'^  and  Dr.  Thomson  has  asserted  the  law  to  be  of  universal  appli- 
^tion.  But,  on  the  other  hand,  Bcrzelius  and  Dr.  Turner  declare 
*^at  tiiis  hypothesis  is  at  variance  with  the  results  of  the  best  analyses. 
^Qch  controverted  points  do  not  belong  to  our  history,  which  treats 
^nly  of  the  progress  of  scientific  truths  already  recognized  by  all  com- 
petent judges. 

Though  Dalton's  discovery  was  soon  generally  employed,  and  uni- 
^erwiUy  spoken  of  with  admiration,  it  did  not  bring  to  him  anything 
but  barren  praise,  and  he  continued  in  the  humble  employment  of 
^bich  we  have  spoken,  when  his  fame  had  filled  Europe,  and  his 
ttame  become  a  household  word  in  the  laboratory.  After  some  years 
he  was  appointed  a  corresponding  member  of  the  Institute  of  France ; 
vhich  may  be  considered  as  a  European  recognition  of  the  importance 


*  Berz.  Cliem.  B.  iil  p.  27.  •  Marx.  Oesch.  der  Crytt.  p.  202. 
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of  what  he  had  done;  and,  in  1820,  two  medals  for  the  encourage- 
ment of  science  having  been  placed  at  the  disposal  of  the  Roya] 
Society   by   the   King   of  England,   one   of  them  was  assigned  to 
DaltoD,  "for  his  development  of  the  atomic  theory."     In  1833,  at 
the  meeting  of  the  British   Association  for  the   Advancement  of 
Science,  which  was  held  in  Cambridge,  it  was  announced  that  the 
King  had  bestowed  upon  him  a  pension  of  150/.;  at  the  preceding 
meeting  at  Oxford,  that  university  had  conferred  upon  him  the  degree 
of  Doctor  of  Laws,  a  step  the  more  remarkable,  since  he  belonged  to 
the  sect  of  Quakers.     At  all  the  meetings  of  the  British  Association 
he  has  been  present,  and  has  always  been  surrounded  by  the  reverence 
and  admiration  of  all  wlio  feel  any  sympathy  with  the  progress  oi 
science.     May  he  long  remain  among  us  thus  to  remind  us  of  the 
advance  which  Chemistry  owes  to  him ! 

[2nd  Ed.]  [Soon  after  I  wrote  these  expressions  of  hope,  the  pcri< 
of  Dalton's  sojourn  among  us  terminated.  He  died  on  the  27th  ( 
July,  1844,  aged  78. 

His  fellow-townsmen,  the  inhabitants  of  Manchester,  who  had 
long  taken  a  pride  in  his  residence  among  them,  soon  after  his 
came  to  a  determination  to  perpetuate  his  memory  by  establishing- 
his  honor  a  Professor  of  Chemistry  at  Manchester.] 


Sect.  3. — The  Theory  of  Volumes. — Gay-Lussac, 

The  atomic  theory,  at  the  very  epoch  of  its  introduction  into  FranoA 
received  a  modification  in  virtue  of  a  curious  discovery  then  made* 
Soon  after  the  publication  of  Dalton's  system,  Gay-Lussac  and  Hum- 
boldt found  a  rule  for  the  combination  of  substances,  which  includes 
that  of  Dalton  as  far  as  it  goes,  but  extends  to  combinations  of  gases 
only.  This  law  is  the  theory  of  volumes ;  namely,  that  gases  unite 
together  by  volume  in  very  simple  and  definite  proportions.  Thus 
water  is  composed  exactly  of  100  measures  of  oxygen  and  200  measorea 
of  hydrogen.  And  since  these  simple  ratios  1  and  1,  1  and  2,  1  and  3, 
ak>ne  prevail  in  such  combinations,  it  may  easily  be  shown  that  laws 
like  Dalton's  law  of  multiple  proportions,  must  obtain  in  such  caaea  as 
he  considered. 

[2nd  Ed.]  [M.  Schroder,  of  Mannheim,  has  endeavored  to  extend  to 
solids  a  law  in  some  degree  resembling  Gay-Lussac's  law  of  the  volames 
of  gases.     According  to  him,  the  volumes  of  the  chemical  equivalents 
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^  rimple  sabstances  and  their  compounds  are  as  whoie  numbers.* 
*QL  Eopp,  Playfair,  and  Joule  have  labored  in  the  same  field.] 

I  cannot  now  attempt  to  trace  other  bearings  and  developments  of 

^  remarkable  discovery.      I  hasten  on  to  the  last  generalization  of 

clemistry ;  which  presents  to  us  chemical  forces  under  a  new  aspect, 

*fid  brings  us  back  to  the  point  from  which  we  departed  in  commeno- 

^g  the  history  of  this  science. 


CHAPTER  IX. 
Epoch  of  Davy  and  Faraday. 


^«c^  I. — Promulgation  of  the  Ulectro-cliemical  Theory  hy  Davy, 

PBE  reader  will  recollect  that  the  History  of  Chemistry,  though 

highly  important  and  instructive  in  itself,  has  been  an  interruption 

7  the  History  of  Electro-dynamic  Research  : — a  necessary  interrup- 

^^^  however;   for  till   we  became  acquainted  with   Chemistry  in 

S^^eral,  we  could  not  follow  the  course  of  Electro-chemistry :  we 

^^Id  not  estimate  its  vast  yet  philosophical  theories,  nor  even  express 

^^  simplest  facts.     We  have  now  to  endeavor  to  show  what  has  thus 

^n  done,  and  by  what  steps ; — to  give  a  fitting  view  of  the  Epoch 

of  Davy  and  Faraday. 

ITiis  is,  doubtless,  a  task  of  difficulty  and  delicacy.     We  cannot 

execute  it  at  all,  except  we  suppose  that  the  great  truths,  of  which  the 

discovery  marks   this   epoch,   have   already   assumed   their   definite 

*nd  permanent  form.     For  we  do  not  learn  the  just  value  and  right 

place  of  imperfect  attempts  and  partial  advances  in  science,  except  by 

seeing  to  what  they  lead.     We  judge  properly  of  our  trials  and 

guesses  only  when  we  have  gained  our  point  and  guessed  rightly.     We 

might  personify  philosophical  theories,  and  might  represent  them  to 

ourselves  as  figures,  all  pressing  eagerly  onwards  in  the  same  direc- 


•  Die  moleeular-volume  der  Chemitchen  Verbindungen  infesten  und  fluisingen 
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tion,  whom  we  have  to  pursue :  and  it  is  only  in  proportion  as  >a^( 
ourselves  overtake  those  figures  in  the  race,  and  pass  beyond  thc^-in] 
that  we  are  enabled  to  look  back  upon  their  faces;  to  discern  tli^«i 
real  aspects,  and  to  catch  the  true  character  of  their  counteir^.atii. 
ces.  Except,  therefore,  I  were  of  opinion  that  the  great  truths  wftj:».icli 
Davy  brought  into  sight  have  been  firmly  established  and  ^^<^  •ai'rij 
developed  by  Faraday,  I  could  not  pretend  to  give  the  history  of  ^thii 
striking  portion  of  science.  But  I  trust,  by  the  view  I  have  to  ^=>£i9i 
of  these  beautiful  trains  of  research  and  their  result,  to  justify  tie 
assumption  on  which  I  thus  proceed. 

I  must,  however,  state,  as  a  further  appeal  to  the  reader's  indulgences 
that^  even  if  the  great  principles  of  electro-chemistry  have  now  1>^rti 
brought  out  in  their  due  form  and  extent,  the  discovery  is  but  a    "voiy 
few  years,  I  might  rather  say  a  few  months,  old ,  and  that  this  nov^l^ 
adds  materially  to  the  diflSculty  of  estimating  previous  attempts  ft"«Mi 
the  point  of  view  to  which  we  are  thus  led.    It  is  only  slowly    ^^ 
by  degrees  that  the  mind  becomes  suflSciently  imbued  with  those  m»c» 
truths,  of  which  the  oflBce  is,  to  change  the  face  of  a  science.      "^t 
have  to  consider  familiar  appearances  under  a  new  aspect ;  to  r«^*^ 
old  facts  to  new  principles ;  and  it  is  not  till  after  some  time,  that  ^  ^ 
struggle  and  hesitation  which  this  employment  occasions,  subsides  f^^^ 
a  tranquil  equilibrium.     In  the  newly  acquired  provinces  of  in*^^* 
intellectual  empire,  the  din  and  confusion  of  conquest  pass  only  grac^  ^' 
ally  into  quiet  and  security.     We  have  seen,  in  the  history  of  j 
capital  discoveries,  how  hardly  they  have  made  their  way,  even  amot 
the  most  intelligent  and  candid  philosophers  of  the  antecedent  schools  ' 
we  must,  therefore,  not  expect  that  the  metamorphosis  of  the  theoreti^ 
cal  views  of  chemistry  which  is  now  going  on,  will  be  effected  withoa'i' 
some  trouble  and  delay. 

I  shall  endeavor  to  diminish  the  difiSculties  of  my  undertaking,  by 
presenting  the  earlier  investigations  in  the  department  of  which  I  haTci 
now  to  speaky»  as  much  as  possible  according  to  the  most  deliberate 
view  taken  of  them  by  the  great  discoverers  themselves,  Davy  and 
Faraday ;  since  these  philosophers  are  they  who  have  taught  us  the 
true  import  of  such  investigations. 

There  is  a  further  diflBculty  in  my  task,  to  which  I  might  refer ; — 
the  difficulty  of  speaking,  without  error  and  without  offence,  of  men 
now  alive,  or  who  were  lately  members  of  social  circles  which  exist 
still  around  ns.  But  the  scientific  history  in  which  such  persons  play 
a  part,  is  so  important  to  my  purpose,  that  I  do  not  hesitate  to  incur 
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tlie  responsibility  which  the  narration  involves ;  and  I  have  endeavor- 
ed earnestly,  and  I  hope  not  in  vain,  to  speak  as  if  I  were  removed 
by  pentories  from  the  personages  of  my  story. 

Tlie  phenomena  observed  in  the  Voltaic  apparatus  were  naturally 
the  sabject  of  many  speculations  as  to  their  cause,  and  thus  gave  rise 
to  **  Theories  of  the  Pile."     Among  these  phenomena  there  was  one 
daaB  which  led  to  most  important  results  :  it  was  discovered  by  Nichol 
«on  sod  Carlisle,  in  1800,  that  water  was  decomposed  by  the  pile  of 
Volta;  that  is,  it  was  found  that  when  the  wires:  of  the  pile  were 
placed  with  their  ends  near  each  other  in  the  fluid,  a  stream  of  bub- 
bles of  air  arose  from  each  wire,  and  these  airs  were  found  on  exami- 
nation to  be  oxygen  and  hydrogen  ;  which,  as  we  have  had  to  narrate, 
bad  already  been  found  to  be  the  constituents  of  water.    This  was,  as 
Davy  says,'  the  true  origin  of  all  that  has  been  done  in  electro-chemi- 
cal science.    It  was  found  that  other  substances  also  suffered  a  like 
decomposition  under  the  same  circumstances.     Certain  metallic  solu- 
^om  were  decomposed,  and  an  alkali  was  separated  on  the  negative 
pbtcs  of  the  apparatus.     Cruickshank,  in  pursuing  these  experiments, 
•dded  to  them  many  important  new  results  ;  such  as  the  dccomposi- 
"On  of  muriates  of  magnesia,  soda,  and  ammonia  by  the  pile  ;  and  the 
K^end  ob8er>'ation  that  the  alkaline  matter  always  appeared  at  the 
*^h'w,  and  the  acid  at  the  positive^  pole. 

Such  was  the  state  of  the  subject  when  one  who  was  destined  to  do 
^  much  for  its  advance,  first  contributed  his  labors  to  it.     Humphry 
I^vy  was  a  young  man  who  had  been  apprenticed  to  a  surgeon  at 
Penuncc,  and  having  shown  an  ardent  love  and  a  strong  aptitude  for 
chemical  research,  was,  in  1798,  made  the  superintendent  of  a  "Pneu- 
ni*tic  Institution,"  established  at  Bristol  by  Dr.  Beddocs,  for  the  pur- 
pose of  discovering  medical  powers  of  factitious  airs.*     But  his  main 
attention  was  soon  drawn  to  galvanism ;  and  when,  in  consequence  of 
the  reputation  he  had  acquired,  he  was,  in  1801,  appointed  lecturer  at 
the  Royal  Institution  in  London  (then  recently  established),  he  was 
soon  put  in  possession  of  a  galvanic  apparatus  of  great  power ;  and 
with  this  he  was  not  long  in  obtaining  the  most  striking  results. 

His  first  paper  on  the  subject*  is  sent  from  Bristol,  in  September, 
1800 ;  and  describes  experiments,  in  which  he  had  found  that  the  de- 
compositions observed  by  Nicholson  and  Carlisle  go  on,  although  tho 


'  PhU.  Trant.  1826,  p.  386.  '  Paris,  Zi/e  of  Davy,  I  58. 

'NicholBon*8  Journal,  4 to.  iv.  275. 
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water,  or  other  substance  in  which  the  two  wires  are  plonged, 
separated  into  two  portions,  provided  these  portions  are  connected 
muscular  or  other  fibres.  This  use  of  muscular  fibres  was,  proball 
a  remnant  of  the  original  disposition,  or  accident,  by  which  galvam. 
had  been  connected  with  physiology,  as  much  as  with  chemistry.  D^ 
however,  soon  went  on  towards  the  conclusion,  that  the  phenon^ 
were  altogether  chemical  in  their  nature.  He  had  alreaily  conjee:! 
ed,*  in  1802,  that  all  decompositions  might  ho  polar  ;  that  is,  ihaLt 
all  cases  of  chemical  decomposition,  the  elements  might  be  relat<^<: 
each  other  as  electrically  positive  and  negative ;  a  thought  whial 
was  the  peculiar  glory  of  his  school  to  confirm  and  place  in  a  distil 
light.  At  this  period  such  a  view  was  hx  from  obvious ;  and  it  ^ 
contended  by  many,  on  the  contrary,  that  the  elements  which 
voltaic  apparatus  brought  to  view,  were  not  liberated  from  coml>j 
tions,  but  generated.  In  1806,  Davy  attempted  the  solution  of  1 
question ;  he  showed  tliat  the  ingredients  which  had  been  supposec 
be  produced  by  electricity,  were  due  to  impurities  in  the  water,  oi 
the  decomposition  of  the  vessel ;  and  thus  removed  all  prelimin. 
diflScultics.  And  then  he  says,* "  referring  to  my  experiments  of  I S 
1801,  and  1802,  and  to  a  number  of  new  facts,  which  showed  tha-t 
flammable  substances  and  oxygen,  alkalies  and  acids,  and  oxidable  < 
noble  metals,  were  in  electrical  relations  of  positive  and  negative,  I  3m 
the  conclusion,  thai  the  combhiaiions  and  decompositions  hy  electric 
were  referrihle  to  the  law  of  electrical  attractions  and  repulsions^''  * 
advanced  the  hypothesis,  "  that  chemical  and  electrical  attractions  to 
produced  hy  the  same  cause,  acting  in  the  one  case  on  particles,  in  * 
other  on  masses;  .  .  .  and  that  the  same  property,  under  different  nu^ 
fications,  was  the  cause  of  all  the  phenomena  exhibited  hy  differs 
voltaic  comhinatioTisr 

Although  this  is  the  enunciation,  in  tolerably  precise  terms,  of  tJ 
great  discovery  of  his  epoch,  it  was,  at  the  period  of  which  we  spe^ 
conjectured  rather  than  proved ;  and  we  shall  find  that  neither  Da^ 
nor  his  followers,  for  a  considerable  period,  apprehended  it  with  tL* 
distinctness  which  makes  a  discovery  complete.  But  in  a  very  sho:: 
time  afterwards,  Davy  drew  great  additional  notice  to  his  researchc 
by  effecting,  in  pursuance,  as  it  appeared,  of  his  theoretical  views,  th 
decomposition  of  potassa  into  a  metallic  base  and  oxygen.  This  wai 
as  he  truly  said,  in  the  memorandum  written  in  his  journal  at  th 


'  PhiL  Tram,  1826.  •  lb.  1826,  p.  889 
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nistant,  "a  capital  experiment."  This  discovery  was  soon  folic  wed  by 
tliat  of  the  decomposition  of  soda ;  and  shortly  after,  of  other  bodies  of 
the  same  kind;  and  the  interest  and  activity  of  the  whole  chemical 
world  were  turned  to  the  snbject  in  an  intense  degree. 

At  this  period,  there  might  be  noticed  three  great  branches  of  specu- 
Utaon  on  this  subject ;  the  theory  of  the  pile,  the  theory  of  electrical 
^ieeompontiony  and  the  theory  of  the  identity  of  chemical  and  electrical 
foreu;  which  last  doctrine,  however,  was  found  to  include  the  other 
two,  as  might  have  been  anticipated  from  the  time  of  its  first 
suggestion. 

It  will  not  be  necessary  to  say  much  on  the  theories  of  the  voltaic 
pile,  as  separate  from  other  parts  of  the  subject.     The  contact-theory^ 
which  ascribed  the  action  to  the  contact  of  different  metals,  was  main- 
tained by  Volta  himself;  but  gradually  disappeared,  as  it  was  proved 
(by  WoUaston*  especially,)  that  the  effect  of  the  pile  was  inseparably 
connected  with  oxidation  or  other  chemical  changes.    The  theories 
rf    electro-chemical   decomposition    were   numerous,   and   especially 
^fter  the  promulgation  of  Davy's   Memoir  in  1800  ;  and,  whatever 
**^ight  be  the  defects  under  wliioh  these  speculations  for  a  long  time 
labored,  the  subject  was  powerfully  urged  on  in  the  direction  in  which 
troth  lay,  by  Davy's  discoveries  and  views.     That  there  remained 
Something  still  to  be  done,  in  order  to  give  full  evidence  and  consistency 
to  the  theory,  appears  from  this ; — that  some  of  the  most  important 
parts  of  Davy's  results  struck  his  followers  as  extraordinary  paradoxes ; 
~ — ^for  instance,  the  fact  that  the  decomposed  elements  are,  transferred 
^^m  one  pact  of  the  circuit  to  another,  in  a  form  wBich  escapes  the 
cognizance  of  our  senses,  through  intervening  substances  for  which  they 
bave  a  strong  affinity.     It  was  found  afterwards  that  the  circumstance 
which  appeared  to  make  the  process  so  wonderful,  was,  in  fact,  the 
condition  of  its  going  on  at  all.     Davy's  expressions  often  seem  to  indi- 
cate the  most  exact  notions  :  for  instance,  he  says,  "  It  is  very  natural 
to  suppose  that  the  repellent  and  attractive  energies  are  communicated 
*^om  ore  particle  to  another  of  the  same  kind,  so  as  to  establish  a  con- 
ducting zftain  in  the  fluid ;  and  that  the  locomotion  takes  place  in 
^Dsequence  f  and  yet  at  other  times  he  speaks  of  tlie  clement  as 
"^^tracted  and  repelled  by  the  metallic  surfaces  which  form  the  poles  ; — 
*  different,  and,  as  it  appeared  afterwards,  an  untenable  view.     Mr. 
^^Faday,  who  supplied  what  was  wanting,  justly  notices  this  vagueness. 


•  Phil,  Tram,  1801,  p.  427.  Paris,  i.  164. 
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He  says,'  that  though,  in  Davy's  celebrated  Memoir  of  1806,  the  po'a.s-Ati 
established  are  of  the  utmost  value,  the  mode  of  action  by  which     -^lie 
effects  take  place  is  stated  very  generally;  so  generally,  indeed,  ^Tmit 
probably  a  dozen  precise  schemes  of  electro-chemical  action  migh^      fca 
drawn  up,  differing  essentially  from  each  other,  yet  all  agreeing  'witJi 
the  statement  there  given.''     And  at  a  period  a  little  later,  b^ing 
reproached  by  Davy's  brother  with  injustice  in  this  expression,  he  sub- 
stantiated his  assertion  by  an  enumeration  of  twelve  such  schemes 
which  had  been  published. 

But  yet  we  cannot  look  upon. this  Memoir  of  180C,  otherwise  tliflui 
as  a  great  event,  perhaps  the  most  important  event  of  the  epoch  Zi4>w 
under  review.  And  as  such  it  was  recognized  at  once  all  over  Europe. 
In  particular,  it  received  the  distinguished  honor  of  being  crowned,  loj 
the  Institute  of  France,  although  that  country  and  England  'W^^tae 
then  engaged  in  fierce  hostility.  Buonaparte  had  proposed  a  prize  «f 
sixty  thousand  francs  "  to  the  person  who  by  his  experimenU  and  Am- 
coveries  should  advance  the  knowledge  of  electricity  and  galvan»aai, 
as  much  as  Franklin  and  Volta  did ;"  and  "  of  three  thousand  fr»x»Ci 
for  the  best  experiment  which  should  be  made  in  the  course  of  em^ 
year  on  the  galvanic  fluid  ;"  the  latter  prize  was,  by  the  First  Cl»»»  <^ 
the  Institute,  awarded  to  Davy. 

From  this  period  he  rose  rapidly  to  honors  and  distinctions,  a^™ 
reached  a  height  of  scientific  fame  as  great  as  has  ever  fallen  to  "fcJio 
lot  of  a  discoverer  in  so  short  a  time.  I  shall  not,  however,  dwell  ob 
such  circumstances,  but  confine' myself  to  the  progress  of  my  subjoo*ti. 

Sect,  2, — Establishment  of  the  Electro-chemical  Theory  by  Farad^x^V' 

The  defects  of  Davy's  theoretical  views  will  be  seen  most  clearl3r  *^y 
explaining  what  Faraday  added  to  them.  Michael  Faraday  wa»  ^" 
eveiy  way  fitted  and  led  to  become  Davy's  successor  in  his  great  <»" 
reer  of  discover}'.  In  1812,  being  then  a  bookseller's  apprentice^  ^^ 
attended  the  lectures  of  Davy,  which  at  that  period  excited  the  lx^&' 
est  admiration.*  *•  My  desire  to  escape  from  trade,"  Mr.  Faraday  s3j»» 
"  which  I  thought  vicious  and  selfish,  and  to  enter  into  the  sei^vic^  ^ 
science,  which  I  imagined  made  its  pursuers  amiable  and  libera-l*  ^^' 
duced  me  at  last  to  take  the  bold  and  simple  step  of  writing  to  S'*" 
Davy."     He  was  fevorably  received,  and,  in  the  next  year,  be^^^ 


■  ReMearches,  482.  •  Taris,  ii.  8. 
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tant  at  the  Institution ;  and  afterwards  his  snccessor.  The 
rhich  produced  sach  researches  as  those  of  these  two  men, 

considered  as  a  great  school  of  exact  and  philosophical 
Mr.  Faradaj,  from  the  beginning  of  his  course  of  inquiry, 
ave  had  the  consciousness  that  he  was  engaged  on  a  great 
ork.  His  Experimental  Ee$earche9^  which  appeared  in  a 
moirs  in  the  Fhilosophieal  Traniactionej  are  divided  into 
aphs,  numbered  into  a  continued  order  from  1  up  to  1160, 

at  which  I  write;**  and  destined,  probably,  to  extend 
T.  These  paragraphs  are  connected  by  a  very  rigorous 
ivcstigation  and  reasoning  which  runs  through  the  whole 
m.    Yet  this  unity  of  purpose  was  not  at  first  obvious, 

0  Memoirs  were  upon  subjects  which  we  have  already 
$.  xTJi.  c  5  and  c.  8),  Voltaic  Induction,  and  the  evolution 
y  from  Magnetism.  His  ^  Third  Series"  has  also  been 
rred  to.  Its  object  was,  as  a  preparatory  step  towards 
stigation,  to  show  the  identity  of  voltaic  and  animal  elec- 
that  of  the  electrical  machine  ;  and  as  machine  electricity 
other  kinds  in  being  successively  in  a  state  of  tension  and 
istead  of  a  continued  current,  Mr.  Faraday  succeeded  in 
t  with  them,  by  causing  the  electrical  discharge  to  pass 
bad  conductor  into  a  discharging-train  of  vast  extent; 
,  indeed,  than  the  whole  fabric  of  the  metallic  gas-pipes 
pes  of  London.  In  this  Memoir"  it  is  easy  to  see  already 
J  general  theoretical  views  at  which  he  had  arrived ;  but 
b  expressly  stated  till  his  "  Fifth  Series ;"  his  intermediate 
2s  being  occupied  by  another  subsidiary  labor  on  the  con- 
nduction.  At  length,  however,  in  the  Fifth  Series,  which 
the  Royal  Society  in  June,  1833-,  he  approaches  the  the- 
o-chemical  decomposition.  Most  preceding  theorists,  and 
;st  the  number,  had  referred  this  result  to  attractive  pouh 
in  the  poles  of  the  apparatus ;  and  had  even  pretended  to 

intensity  of  this  attraction  at  different  distances  from  the 

1  number  of  singularly  beautiful  and  skilful  experiments, 
shows  that  the  phenomena  can  with  no  propriety  be 


p,  1835.     (At  present,  when  I  am  revising  the  second  edition, 
46,  Dr.  Faraday  has  recently  publiahed  the  "Twenty-first  Serien** 
kes  ending  with  paragraph  2458.) 
ns.  1883. 
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ascribed  to  the  attraction  of  the  poles."  ''  As  the  substancoB  crolf* 
in  cases  of  electro-chemical  decomposition  maj  be  made  to  i^ 
against  air,"  which,  according  to  common  language,  is  not  a  ec 
ductor,  nor  is  decomposed ;  or  against  water,"  which  is  a  condneli 
and  can  be  decomposed ;  as  well  as  against  the  metal  poles,  which  i 
excellent  conductors,  but  undecomposable ;  there  appears  but  ISA 
reason  to  consider  this  phenomenon  generally  as  due  to  the  attract 
or  attractive  powers  of  the  latter,  when  used  in  the  ordinary  m 
since  .similar  attractions  can  hardly  be  imagined  in  the  former 
stances." 

Faraday's  opinion,  and,  indeed,  the  only  way  of  cxpressii^  1 
results  of  his  experiments,  was,  that  the  chemical  elements,  in  d 
dience  to  the  direction  of  the  voltaic  currents  established  in  1 
decomposing  substance,  were  evolved,  or,  as  he  prefers  to  say,  ^ 
at  its  extremities."  He  afterwards  states  that  the  influence  whioll 
present  in  the  electric  current  may  be  described"  as  an  axis  of  pcm 
having  [at  each  point]  contrary  forces  exactly  equal  in  amount  im  ci 
trary  directions. 

Having  arrived  at  this  point,  Faraday  rightly  wished  to  reject  1 
term  poles,  and  other  words  which  could  hardly  be  used  without  m 
gesting  doctrines  now  proved  to  be  erroneous.  He  considered,  in  1 
case  of  bodies  electrically  decomposed,  or,  as  he  termed  them,  eUci 
lytes,  the  elements  as  travelling  in  two  opposite  directions;  whi 
with  reference  to  the  direction  of  terrestrial  magnetism,  might 
considered  as  naturally  east  and  west ;  and  he  conceived  elements 
in  this  way,  arriving  at  the  doors  or  outlets  at  which  they  fina 
made  their  sepai*ato  appearance.  The  doors  he  called  electrodeSj  ai 
separately,  the  anode  and  the  cathode  ;^''  and  the  elements  which  tl 
travel  he  termed  the  anion  and  the  cation  (or  cath'ion),^^  By  m« 
of  this  nomenclature  he  was  able  to  express  his  general  results  w 
much  more  distinctness  and  facility. 

But  this  general  view  of  the  electrolytical  process  required  to 
pursued  further,  in  order  to  explain  the  nature  of  the  action.  1 
identity  of  electrical  and  chemical  forces,  which  had  been  hazarded 


"  Researches,  Art  497.  "  JResearcJieit,  Arts.  465,  468 

"  496.  "  498.  "  617.  *'  663 

"  The  analogy  of  the  Greek  derivation  requires  cation;  but  to  make 

relation  to  cathode  obvious  to  the  English  reader,  and  to  avoid  a  violation 

the  habits  of  English  pronunciation,  I  should  prefer  cathion. 
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oonjectoro  by  Davj,  and  adopted  as  the  basis  of  cbcmistrj  by  Bor- 
ne^ could  only  be  (^tablished  by  exact  measures  and  rigorous  proo&. 
Fmday  had,  in  his  proof  of  the  identity  of  voltaic  and  electric  agency, 
ittempied  also  to  devise  such  a  measure  as  should  give  him  a  compa- 
riwn  of  their  quantity ;  and  in  this  way  he  proved  that^*  a  voltaic 
gioop  of  two  small  wires  of  platinum  and  zinc,  placed  near  each  other, 
*Bd  immersed  in  dilute  acid  for  three  seconds,  yields  as  much  clcctri- 
ci^  as  the  electrical  battery,  charged  by  ten  turns  of  a  large  machine ; 
ud  this  was  established  both  by  its  momentary  electro-magnetic  effect, 
and  by  the  amount  of  its  chemical  action.'* 

It  was  in  his  "  Seventh  Series,"  that  he  finally  established  a  principle 
of  d^te  measurement  of  the  amount  of  elcctrolytical  action,  and  de- 
lofted  an  instrument  which  he  termed**  a  volta-electrometer.     In  this 
Miuiuent  the  amount  of  action  was  measured  by  the  quantity  of 
Water  decomposed :  and  it  was  necessary,  in  order  to  give  validity  to 
^  mensuration,  to  show  (as  Faraday  did  show)  that  neither  the  size 
^the  electrodes,  nor  the  intensity  of  the  current,  nor  the  strength  of 
"^e  acid  solution  which  acted  on  the  plates  of  the  pile,  disturbed  the 
•^Curacy  of  this    measure.     He    proved,   by   experiments    upon    a 
S^^eat  variety  of  substances,  of  the   most   different   kinds,  that   the 
•^tio-chemical    action   is    definite    in    amount    according    to    the 
**^«»rarement  of  the  new  instrument.**      lie  had  already,  at  an  earlier 
PCiiod,*'  asserted,  that  the  chemical  power  of  a  current  of  electricity  is 
•*  iUreet  proportion  to  the  absolute  quantity  of  electricity  which  passes  ; 
W  the  volta-electrometer  enabled  him  to  fix  with  more  precision  the 
''leaning  of  this  general  proposition,  as  well  as  to  place  it  beyond 
<lonbt. 

The  vast  importance  of  this  step  in  chemistry  soon  came  into  view. 
fiy  the  use  of  the  volta-electrometer,  Faraday  obtained,  for  each 
elementary  substance,  a  number  which  represented  the  relative  amount 
^f  its  decomposition,  and  which  might  properly**  be  called  its  "  electro- 
chemical equivalent."  And  the  question  naturally  occurs,  whether 
^ese  numbers  bore  any  relation  to  any  previously  established  chcmi- 
^  measures.  The  answer  is  remarkable.  They  were  no  other  than 
^  <iUmic  weights  of  the  Daltonian  theory,  which  formed  the  climax 
of  the  previous  ascent  of  chemistry  ;  and  thus  here,  as  everywhere  in 


*  Jtttearehes,  Art  371.  *•  537.  *»  739. 

Arta.  768,  814.  **  877.  "  792. 
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the  progress  of  science,  the  gencralizatioiis  of  one  generation  are 
ed  in  the  wider  generalizations  of  the  next. 

But  in  order  to  reach  securely  this  wider  generalization, ! 
combined  the  two  branches  of  the  subject  which  wc  have 
noticed ; — the  theory  of  electrical  decomposition  with  the  theoif 
pile.  For  his  researches  on  the  origin  of  activity  of  the  voltaic 
(his  Eighth  Series),  led  him  to  see  more  clearly  than  any  on 
him,  what,  as  we  have  said,  the  most  sagacious  of  preceding 
phers  had  maintained,  that  the  current  in  the  pile  was  due 
mutual  chemical  action  of  its  elements.  He  was  led  to  cons 
processes  which  go  on  in  the  exciting-cell  and  in  the  dec<M 
place  as  of  the  same  kind,  but  opposite  in  direction.  The  c 
composition  of  the  fluid  with  the  zinc,  in  the  common  appara:! 
duces,  when  the  circuit  is  completed,  a  current  of  electric  infli 
the  wire ;  and  this  current,  if  it  pass  through  an  electrolyte,  n 
itself  by  decomposition^  overcoming  the  chemical  aflSnity  whic 
resists  it.  An  electrolyte  cannot  conduct  without  being  deco! 
The  forces  at  the  point  of  composition  and  the  point  of  decora 
are  of  the  same  kind,  and  are  opposed  to  each  other  by  mcani 
conducting-wire ;  the  wire  may  properly  be  spoken  of  **  as  con 
chemical  affinity  :  it  allows  two  forces  of  the  same  kind  to  opp 
another;'"  electricity  is  only  another  mode  of  the  exertion  of  c 
forces ;"  and  wc  might  express  all  the  circumstances  of  the  vol 
without  using  any  other  term  than  chemical  affinity,  though 
electricity  may  be  very  convenient.'"  Bodies  are  held  togetl 
definite  power,  which,  when  it  ceases  to  discharge  that  office, 
thrown  into  the  condition  of  an  electric  current." 

Thus  the  great  principle  of  the  identity  of  electrical  and  c 
action  was  completely  established.  It  was,  as  Faraday  wit 
candor  says,"  a  confirmation  of  the  general  views  put  forth  b; 
in  1806,  and  might  be  expressed  in  his  terms,  that  "  chemi 
electrical  attractions  are  produced  by  the  same  cause  ;"  but  il 
to  see  that  neither  was  the  full  import  of  these  expressions  unc 
nor  were  the  quantities  to  which  they  refer  conceived  as  mej 
quantities,  nor  was  the  assertion  anything  but  a  sagacious  cor 
till  Faraday  gave  the  interpretation,  measure,  and  proof,  of  wl 
have  spoken.  The  evidence  of  the  incompleteness  of  the  vie^ 
predecessor  we  have  already  adduced,  in  speaking  of  his  vague  an< 


«  Researches  Art  918.  '»  916.  "^  917.  «  855. 
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fiitent  theoretical  account  of  decomposition.  The  confirmation  of 
Bary's  discoveries  by  Faradaj  is  of  the  nature  of  Newton's  confirma- 
tion of  the  views  of  Borelli  and  Hooke  respecting  gravity,  or  like 
YoQi^g  confirmation  of  the  undulatory  theory  of  Huyghens. 

We  most  not  omit  to  repeat  here  the  moral  which  we  wish  to  draw 
from  all  great  discoveries,  that  they  depend  upon  the  combination  of 
metfacU  with  clear  ideas.  The  former  of  these  conditions  is  easily 
iUastnted  in  the  case  of  Davy  and  Faraday,  both  admirable  and  deli- 
Cite  experimenters.  Davy's  rapidity  and  resource  in  experimenting 
were  extraordinary,"  and  extreme  elegance  and  ingenuity  distinguish 
•hnofit  every  process  of  Faraday.  He  had  published,  in  1829,  a  work 
on  Chemical  Manipulation^  in  which  directions  are  given  for  perform- 
ing in  the  neatest  manner  all  chemical  processes.  Manipulation,  as  he 
tkere  truly  says,  is  to  the  chemist  like  the  external  senses  to  the 
viadf*  and  without  the  supply  of  fit  materials  which  such  senses  only 
on  give,  the  mind  can  acquire  no  real  knowledge. 

Bnt  still  the  operations  of  the  mind  as  well  as  the  information  of  the 
Wttes,  ideas  as  well  as  facts,  are  requisite  for  the  attainment  of  any 
fajowledge ;  and  all  great  steps  in  science  require  a  peculiar  distinct- 
^  and  vividiiess  of  thought  in  the  discoverer.  This  it  is  difficult  to 
exemplify  in  any  better  way  than  by  the  discoveries  themselves.  Both 
wy  and  Faraday  possessed  this  vividness  of  mind ;  and  it  was  a  con- 
w<Jucnce  of  this  endowment,  that  Davy's  lecture  upon  chemistry,  and 
Pwaday's  upon  almost  any  subject  of  physical  philosophy,  were  of  the 
'Dost  brilliant  and  captivating  character.  In  discovering  the  nature  of 
voltaic  action,  the  essential  intellectual  requisite  was  to  have  a  distinct 
conception  of  that  which  Faraday  expressed  by  the  remarkable 
phrase,"*  "a»  axis  of  power  having  equal  and  opposite  forces ;"  and  the 
distinctness  of  this  idea  in  Faraday's  mind  shines  forth  in  every  part 
of  his  writings.  Thus  he  says,  the  force  which  determines  the  decom- 
position of  a  body  is  in  the  body,  not  in  the  poles."*  But  for  the 
Diostpart  he  can  of  course  only  convey  this  fundamental  idea  by  illus- 
^tions.  Thus"  he  represents  the  voltaic  circuit  by  a  double  circle, 
^<lded  with  the  elements  of  the  circuit,  and  shows  how  the  anions 
^^el  round  it  in  one  direction,  and  the  cath'ions  in  the  opposite.  lie 
considers"  the  powers  at  the  two  places  of  action  as  balancing  against 
^*^**  other  through  the  medium  of  the  conductors,  in  a  manner  analo- 


*i 
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goiis  to  that  in  which  mechanical  forces  are  balatced  against  cachF":^ 
other  by  the  intervention  of  tlic  lever.  It  is  impossible  to  him"  t^.-^ 
resist  the  idea,  that  the  voltaic  current  must  be  preceded  by  a  state  ot"^::: 
tension  in  its  interrupted  condition,  which  is  relieved  when  the  circngr  ^ 
is  completed.  He  appears  to  possess  the  idea  of  this  kind  of  fon 
with  the  same  eminent  distinctness  with  which  Archimedes  in 
ancient,  and  Stevinus  in  the  modem  history  of  science,  possessed 
idea  of  pressure,  and  were  thus  able  to  found  the  science  of  mechs 
nics."  And  when  ho  cannot  obtain  these  distinct  modes  of  conce| 
tion,  he  is  dissatisfied,  and  conscious  of  defect.  Thus  in  the  relatic 
between  magnetism  and  electricity,"  "  there  appears  to  be  a  link  in  t 
chain  of  effects,  a  wheel  in  the  physical  mechanism  of  the  action, 
yet  unrecognized."  All  this  variety  of  expression  shows  how  decj^i  ff 
seated  is  the  thought  This  conception  of  CJhemical  Affinity 
peculiar  influence  of  force,  which,  acting  in  opposite  directions,  ( 
bines  and  resolves  bodies ; — which  may  be  liberated  and  thrown  in 

the  form  of  a  voltaic  current,  and  thus  be  transferred  to  remote  poin iil 

and  applied  in  various  ways ;  is  essential  to  the  understanding,  at        V 
was  to  the  making,  of  these  discoveries.  ■  "^ 

By  those  to  whom  this  conception  has  been  conveyed,  I  venture  to 
trust  that  I  shall  be  held  to  have  given  a  faithful  account  of  this  i^^as- 
portant  event  in  the  history  of  science.  We  may,  before  we  qnit  t— -W' 
subject,  notice  one  or  two  of  the  remarkable  subordinate  features  ^ 
Faraday's  discoveries.  '^ 

Sect.  3. —  Consequences  of  Faraday's  Discoveries, 

Faraday's  volta-electrometer,  in  conjunction  with  the  method  he  l^  ^ 
already  employed,  as  we  have  seen,  for  the  comparison  of  voltaic  a^'^d 
common  electricity,  enabled  him  to  measure  the  actual  quantity  of 
electricity  which  is  exhibited,  in  given  cases,  in  the  form  of  chemi  ^^al 
affinity.  His  results  appeared  in  numbers  of  that  enormous  arnot^"* 
which  so  often  comes  before  us  in  the  expression  of  natural  laws.  C^^* 
grain  of  water"  will  require  for  its  decomposition  as  much  electricity 
as  would  make  a  powerful  flash  of  lightning.  By  further  calculati^c:^^ 
he  finds  this  quantity  to  be  not  less  than  800,000  charges  of  I^® 
Leyden  battery ;"  and  this  is,  by  his  theory  of  the  identity  of  tJ^® 
combining  with  the  decomposing  force,  the  quantity  of  electric i'V 

"  Art  950.  "  990.  "1114.  *•  153.  «  861 
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which  18  natarallv  associated  with  the  elements  of  the  grain  of  w«iter, 
endowing  them  with  their  mutual  afSnity. 

Many  of  the  subordinate  facts  and  laws  which  were  brought  to 
light  bj  these  researches,  clearly  point  to  generalizations,  not  included 
in  that  which  we  have  had  to  consider,  and  not  yet  discovered  :  such 
laws  do  not  properly  belong  to  our  main  plan,  which  is  to  make  our 
way  up  to  the  generalizations.  But  there  is  one  which  so  evidently 
promises  to  have  an  important  bearing  on  future  chemical  theories, 
that  I  will  briefly  mention  it  The  class  of  bodies  which  are  capable 
of  electrical  decomposition  is  limited  by  a  very  remarkable  law  :  they 
are  such  binary  compounds  only  as  consist  of  single  proportionals  of 
their  elementary  principles.  It  does  not  belong  to  us  here  to  speculate 
OE  the  possible  import  of  this  curious  law ;  which,  if  not  fully  esta- 
blished, Faraday  has  rendered,  at  least,  highly  probable  :**  but  it  is 
hnpottible  not  to  see  how  closely  it  connects  the  Atomic  with  the 
BectnH^hemical  Theory ;  and  in  the  connexion  of  these  two  great 
Baembcrs  of  Chemistry,  is  involved  the  prospect  of  its  reaching  wider 
generalizations,  and  principles  more  profound  than  we  have  yet  caught 
%ht  of. 

As  another  example  of  this  connexion,  I  will,  finally,  notice  that 
raraday  has  employed  his  discoveries  in  order  to  decide,  in  some 
^oobtfiii  cases,  what  is  the  true  chemical  equivalent  ;*"  "  I  have  such 
^^^▼iction,"  he  says,  "  that  the  power  which  governs  electro-decom- 
position  and  ordinary  chemical  attractions  is  the  same  ;  and  such  con- 
"dence  in  the  overruling  influence  of  those  natural  laws  which  render 
the  foraier  definite,  as  to  feel  no  hesitation  in  believing  that  the  latter 
^ust  submit  to  them  too.  Such  being  the  case,  I  can  have  no  doubt 
^at,  anoming  hydrogen  as  1,  and  dismissing^small  fractions  for  the 
wmplidty  of  expression,  the  equivalent  number  or  atomic  weight  of 
^*ygen  is  8,  of  chlorine  36,  of  bromine  78-4,  of  lead  103-5,  of  tin  59, 
«c;  notwithstanding  that  a  very  high  authority  doubles  several  of 
^ese  numbers." 

Sect,  4. — Reception  of  the  Electro-Chemical  Theory, 

*Hx  epoch  of  establishment  of  the  electro-chemical  theory,  like  other 
P^t  scientific  epochs,  must  have  its  sequel,  the  period  of  its  reception 
*^d  confirmation,  application   and   extension.      In   that    period  we 

«  Art  697.  *"  861. 
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are  living,  and  it  must  bo  the  task  of  future  historiaus  to  tiace  i 
course. 

We  may,  liowover,  say  a  word  on  the  reception  which  the  theory 
met  with,  in  the  forms  which  it  assumed,  anterior  to  the  labors  o^^ 
Faraday.  Even  before  the  great  discovery  of  Davy,  Grotthun,  i^  k 
1805,  had  written  upon  the  theory  of  electro-chemical  decompo8itioiiK=3 
but  he  and,  as  we  have  seen,  Davy,  and  afterwards  other  writers,  ^^ 
Uiffault  and  Chompre,  in  1807,  referred  the  effects  to  the  p^l<**^ 
But  the  most  important  attempt  to  appropriate  and  employ  ♦!'  ^ 
generalization  which  these  discoveries  suggested,  was  that  of  Berzelius^ 
who  adopted  at  once  the  view  of  the  identity,  or  at  least  the  univerk 
connexion,  of  electrical  relations  with  chemical  affinity.  He  co 
sidered,**  that  in  all  chemical  combinations  the  elements  may  be 
sidered  as  electro-positive  and  electro-negative ;  and  made  this  opp 
sition  the  basis  of  his  chemical  doctrines ;  in  which  he  was  foUon 
by  a  large  body  of  the  chemists  of  Germany.  He  held  too  that  t 
heat  and  light,  evolved  during  cases  of  powei'ful  combination,  are  1 
consequence  of  the  electric  discharge  which  is  at  that  moment  \ 
place :  a  conjecture  which  Faraday  at  first  spoke  of  with  pnk^^m^^ 
But  at  a  later  period  he  more  sagely  says,*'  that  the  flame  whiok.  ii 
produced  in  such  cases  exhibits  but  a  small  portion  of  the  elecUaiHA^ 
power  which  really  acts.  "  These  therefore  may  not,  cannot,  be  tafco* 
as  evidences  of  the  nature  of  the  action ;  but  are  merely  incid 
results,  incomparably  small  in  relation  to  the  forces  concemed, 
supplying  no  information  of  the  way  in  which  the  particles  are  aetS-^ 
on  each  other,  or  in  which  their  forces  are  finally  arranged."  A-^^ 
comparing  the  evidence  which  he  himself  had  given  of  the  princi^^'* 
on  which  Berzelius's  speculations  rested,  with  the  speculations  thess*='3fr 
selves,  Faraday  justly  conceived,  that  he  had  transferred  the  doctr^Sne 
from  the  domain  of  what  he  calls  doubtful  Jcnowledge^  to  that  of  ind  "^ne- 
tive  cei-tainty. 

Now  that  we  arc  arrived  at  the  starting-place,  from  which  thisw  -^dl- 
proved  truth,  the  identity  of  electric  and  chemical  forces,  must  m^^" 
its  future  advances,  it  would  be  trifling  to  dwell  longer  on  the  det^^"* 
of  the  diffusion  of  that  doubtful  knowledge  which  preceded  this  m^^^ 
certain  science.  Our  history  of  chemistry  is,  therefore,  here  at  an  cr^^^d. 
I  have,  as  far  as  I  could,  executed  my  task ;  which  was,  to  mark  all  *^ 


«*  Faraday  {RetearcheB,  J^H  TV  492).     "  Ann,  Chim.  Ixxxri.  146,  for  iBl*- 
*•  Eetearehes,  Art  870.  *'  960. 
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great  steps  of  its  advance,  from  the  most  unconnected  facts  and  the 
most  imperfect  speculations,  to  the  highest  generalization  at  which 
diemical  philosophers  have  yet  arrived. 

Tet  it  will  appear  to  our  purpose  to  saj  a  few  words  on  the  connex- 
ion of  this  science  with  those  of  which  we  are  next  to  treat ;  and  that 
I  now  proceed  to  do. 


CHAPTER  X. 

I^^UVSmOH  FROM   THE   CuSMICAL   TO   THB   ClASSIFIGATORT  SCIENCES. 

Tl  is  the  object  and  the  boast  of  chemistry  to  acquire  a  knowledge 
"^  of  bodies  which  is  more  exact  and  constant  than  any  knowledge 
Wrowed  from  their  sensible  qualities  can  be ;  since  it  penetrates  into 
^eir  intimate  constitution,  and  discloses  to  us  the  invariable  laws  of 
Acir  composition.  But  yet  it  will  be  seen,  on  a  little  reflection,  that 
•ttch  knowledge  could  not  have  any  existence,  if  we  were  not  also  atten- 
^^e  to  their  sensible  qualities. 

The  whole  fabric  of  chemistry  rests,  even  at  the  present  day,  upon 
^  opposition  of  acids  and  bases :  an  acid  was  certainly  at  first  known 
^y  its  sensible  qualities,  and  how  otherwise,  even  now,  do  we  perceive 
^  quality  ?  It  was  a  great  discovery  of  modern  times  that  earths  and 
*Jtalies  have  for  their  bases  metals :  but  what  are  metals  ?  or  how, 
except  from  lustre,  hardness,  weight,  and  the  like,  do  we  recognize  a 
^^ody  as  a  metal  ?  And  how,  except  by  such  characters,  even  before 
Its  analysis,  was  it  known  to  be  an  earth  or  an  alkali  ?  We  must  sup- 
pose some  classification  established,  before  we  can  make  any  advance 
*^y  experiment  or  observation. 

It  is  easy  to  see  that  all  attempts  to  avoid  this  diflSculty  by  referring 
^  processes  and  analogies,  as  well  as  to  substances,  bring  us  back  to 
^«  same  point  in  a  circle  of  fallacies.  If  we  say  that  an  acid  and  alkali 
*fe  known  by  combining  with  each  other,  we  still  must  ask.  What  is 
"^e  criterion  that  they  have  combined  ?  If  we  say  that  the  distinctive 
^iialities  of  metals  and  earths  are,  that  metals  become  earths  by  oxida- 
tion, we  must  still  inquire  how  we  recognize  the  process  of  oxidation  ? 
We  have  seen  how  important  a  part  combustion  plays  in  the  history 
^  chemical  speculation  ;  and  we  may  usefully  form  such  classes  of 
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bodies  as  combustibles  and  supporters  of  combustion.  But  even  com^ 
bustion  is  not  capable  of  being  infallibly  known,  for  it  passes  by  insein 
sible  shades  into  oxidation.  We  can  find  no  basis  for  our  reasonings^ 
which  does  not  assume  a  classification  of  obvious  facts  and  qualities 

But  any  classification  of  substances  on  such  grounds,  appean^  ^ 
first  sight,  to  invdlve  us  in  vagueness,  ambiguity,  and  contradictioMi» 
Do  we  really  take  the  sensible  qualities  of  an  acid  as  the  criterion  of  3fi 
being  an  acid  ? — for  instance,  its  sourness  ?  Prussic  acid,  arsenious  ac^^i 
are  not  sour.  "  I  remember,"  says  Dr.  Paris,*  "  a  chemist  having  bei^ 
exposed  to  much  ridicule  from  speaking  of  a  sioeet  acid, — why  not  f 
When  Davy  had  discovered  potassium,  it  was  disputed  whether  it  wr« 
a  metal ;  for  though  its  lustre  and  texture  are  metallic,  it  is  so  light  Ji 
to  swim  on  water.  And  if  potassium  be  allowed  to  be  a  metal,  is  silidov 
one,  a  body  which  wants  the  metallic  lustre,  and  is  a  non-conductor  cf 
electricity  ?  It  is  clear  that,  at  least,  the  obvious  application  of  a  cl&SBJ; 
fication  by  physical  characters,  is  attended  with  endleiss  pciplexi^.      ^ 

Birt  since  wo  cannot  even  begin  our  researches  without  assuming  ..J 
classification,  and  since  the  forms  of  such  a  classification  which  St^ 
occur,  end  in  apparent  confusion,  it  is  clear  that  we  must  look  to  oisc. 
philosophy  for  a  solution  of  this  difficulty;  and  must  avoid  the  embai!^ 
rassments  and  contradictions  of  casual  and  unreflective  classificatioiii  ^. 
obtaining  a  consistent  and  philosophical   arrangement.     We  niiMt 
employ  external  characters  and  analogies  in  a  connected  and  systematie 
manner ;  we  must  have  Classificatory  Sciences,  and  these  must  hav6 1 
bearing  even  on  Chemistr}\ 

Accordingly,  the  most  philosophical  chemists  now  proceed  upon  thii 
principle.  "The  method  which  I  have  followed,"  says  M.  Thenard,!* 
his  Traite  de  Chi??iie,  published  in  1824,  "is,  to  unite  in  one  group »il 
analogous  bodies ;  and  the  advantage  of  this  method,  which  is  th«^ 
employed  by  naturalists,  is  very  great,  especially  in  the  study  of  tho 
metals  and  their  compounds."*  In  this,  as  in  all  good  systems  of 
chemistry,  which  have  appeared  since  the  establishment  of  the  phlogirti^^ 
theory,  combustion,  and  the  analogous  processes,  are  one  great  clement 
in  the  arrangement,  while  the  difierence  of  metallic  and  non-mctalliCf 
is  another  element  Thus  Thenard,  in  the  first  place,  speaks  of  Oxygen ; 
in  the  next  place,  of  the  Non-metallic  Combustibles,  as  Hydrog^Df 
Carbon,  Sulphur,  Chlorine;  and  in  the  next  place,  of  Metals.  Bo* 
the  Metals  are  again  divided  into  six  Sections,  with  reference,  princi' 
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pally,  to  their  fiicility  of  combination  with  oxygen.    Thus,  the  First 

Section  is  the  Metals  of  the  Earths ;  the  Second,  the  Metals  of  the 

Alkalies;  the  Third,  the  Easily  Oxidable  Metals,  as  Iron ;  the  Fourth, 

Metals  Less  Oxidable,  as  Copper  and  Lead ;  the  Fifth  Section  contains 

only  Mercury  and  Osmium ;  and  the  Sixth,  what  were  at  an  earlier 

period  termed  the  Noble  Metals,  Gold,  Silver,  Platinum,  and  others. 

How  such  principles  are  to  be  applied,  so  as  to  produce  a  definite 
and  consistent  arrangement,  will  be  explained  in  speaking  of  the  philo- 
lophy  of  the  Classificatory  Sciences ;  but  there  are  one  or  two  pecu- 
liarities in  the  classes  of  bodies  thus  recognized  by  modem  chemistry, 
which  it  may  be  useful  to  notice. 

'  1.  The  distinction  of  Metallic  and  Non-metallic  is  still  employed,  as 
of  fimdamental  importance.  The  discovery  of  new  metals  is  so  much 
connected  with  the  inquiries  concerning  chemical  elements,  that  wd 
nay  notice  the  general  progress  of  such  discoveries.  Oold^  Silver^ 
^JWi,  Copper^  Quicksilver^  Lead,  Tin,  were  known  from  the  earliest 
totiquity.  In  the  beginning  of  the  sixteenth  century,  mine-directors, 
like  George  Agricola,  had  advanced  so  far  in  practical  metallurgy,  that 
^ey  had  discovered  the  means  of  extracting  three  additional  metals, 
^Wf,  Bismuth,  Antimony.  After  this,  there  was  no  new  metal  disco- 
'^  for  a  century,  and  then  such  discoveries  were  made  by  the  theo- 
f^cal  chemists,  a  race  of  men  who  had  not  existed  before  Becchcr  and 
^1.  Thus  Arsenic  and  Cobalt  were  made  known  by  Brandt,  in  the 
niiddle  of  the  eighteenth  century,  and  we  have  a  long  list  of  similar 
discoveries  belonging  to  the  same  period ;  Nickel,  Manganese,  and 
^^itgtten,  which  were  detected  by  Cronstedt,  Gahn,  and  Scheele,  [and 
I'clhayart,  respectively ;  mctiils  of  a  very  different  kind,  Tellurium 
and  Molybdenum,  which  were  brought  to  light  by  Miiller,  Scheele, 
l^^lginan,  and  Ilielm  ;  Platinum,  which  was  known  as  early  as  1*741, 
^Qt  with  the  ore  of  which,  in  1802  and  1803,  the  English  chemists 
''^ollaston  andTennant,  found  that  no  less  than  four  other  new  metals? 
{^(Uladium^  Rhodium,  Iridium  tiud  Osmium)  were  associated.  Finally, 
l^niitting  some  other  new  metils,)  we  have  another  period  of  disco- 
'ery,  opened  in  1 807,  by  Davy's  discovery  of  Potassium,  and  includ- 
"^  Uie  resolution  of  all,  or  almost  all,  the  alkalies  and  earths  into 
"metallic  bases. 

[2nd  Ed.]  [The  next  few  years  made  some,  at  least  some  conjec- 
^^^\  additions  to  the  list  of  simple  substances,  detected  by  a  more 
niinute  scrutiny  of  known  substances.  Thorium  was  discoyercd  by 
*^^Has  in  1828;  and  Vanadium  by  Professor  Sefstrom  in  1830.     A 
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metal  named  Cerium,  was  discovered  in  1803,  by  Hisingir  and  Ben 
lius,  in  a  rare  Swedish  mineral  known  by  the  name  of  Cent  Mosao 
der  more  recently  has  found  combined  with  Cerinm,  other  new  metd 
which  he  has  called  Lanthanium,  Didymium,  Erhiumj  and  TerUnm 
M.  Klaus  has  found  a  new  metal,  Ruthenium,  in  the  ore  of  Platinan 
and  Rose  has  discovered  in  Tantalite  two  other  new  metals,  which  \ 
has  announced  under  the  names  of  Pelopium  and  Niobium,  Snw 
berg  is  said  to  have  discovered  a  new  earth  in  Eudialyt,  which  is  sii 
posed  to  have,  like  the  rest,  a  new  radical.  If  these  last  discover 
be  confirmed,  the  number  of  simple  substances  will  be  raised  to  fix  ~ 
two.'] 

2.  Attempts  have  been  made  to  indicate  the  classification  of  cfaefl 
cal  substances  by  some  peculiarity  in  the  Name  ;  and  the  Metals, 
example,  have  been  designated  generally  by  names  in  urn,  like  i 
Latin  names  of  the  ancient  metals,  aurumy  ferrum.  This  artifice  3 
convenient  nomenclature  for  the  purpose  of  marking  a  recognised  ^ 
ference ;  and  it  would  be  worth  the  while  of  chemists  to  agree  tonui 
it  universal,  by  writing  molybdenum  and  platinum  ;  which  is  ww: 
times  done,  but  not  always. 

3.  I  am  not  now  to  attempt  to  determine  how  far  this  claass 
Metals, — extends ;  but  where  the  analogies  of  the  class  cease  to  hc3 
there  the  nomenclature  must  also  change.  Thus,  some  chemistfty 
Dr.  Thomson,  have  conceived  that  the  base  of  Silica  is  more  an* 
gous  to  Carbon  and  Boron,  which  form  acids  with  oxygen,  than  it  i« 
the  metals :  and  he  has  accordingly  associated  this  base  with  tl»' 
substances,  and  has  given  it  the  same  termination,  Silicon,  Bub 
the  validity  of  this  analogy  chemists  appear  not  to  be  generii 
agreed. 

4.  There  is  another  class  of  bodies  which  have  attracted  m« 
notice  among  modern  chemists,  and  which  have  also  been  assimil^*' 
to  each  other  in  the  form  of  their  names ;  the  English  writers  callJ 
them  Chlorine,  Fluorine,  Iodine,  Bromine,  while  the  French  use  '^ 
terms  Chlore,  Fhtore,  lode,  Brorne.  \Vc  have  already  noticed  ^ 
establishment  of  the  doctrine — that  muriatic  acid  is  formed  of  a  b^ 
chlorine,  and  of  hydrogen, — as  a  great  reform  in  the  oxygen  theo^ 
with  regard  to  which  rival  claims  were  advanced  by  Davy,  and 
MM.  Gay-Lussac  and  Thenard  in  1809.  Iodine,  a  remarkable  b^ 
which,  from  a  dark  powder,  is  converted  into  a  violet-colored  ga» 
the  application  of  heat,  was  also,  in  1813,  the  subject  of  a  sin»^ 
rivalry  between  the  same  English  and  French  chemists.      Bronrm* 


TRANSITION  TO  CLASSIFICATORY  SCIENCE.  809 

^as  only  discovered  as  late  as  1826 ;  and  Fluorine,  or  Fhtare,  as,  fronr 
its  destnictive  nature,  it  has  been  proposed  to  term  it,  has  not  been 
3btained  as  a  separate  substance,  and  is  inferred  to  exist  by  analogy 
only.  The  analogies  of  these  bodies  (Chlorc,  Phtore,  &c.)  are  very 
peculiar ;  for  instance,  by  combination  with  metals  they  form  salts ; 
by  combination  with  hydrogen  they  form  very  strong  acids ;  and  all, 
at  Hie  common  temperature  of  the  atmosphere,  operate  on  other  bodies 
in  the  most  energetic  manner.  Berzclius'  proposes  to  call  them  halo- 
genous  bodies,  or  halogenes, 

5.  The  number  of  Elementary  Substances  which  are  at  present  pre- 
sented m  our  treatises  of  chemistry*  is  ffty-three^  [or  rather,  as  we  have 
aid  above,  sixty-two^    It  is  naturally  oflen  asked  what  evidence  we 
bitve,  that  all  these  are  elementary^  and  what  evidence  that  they  are 
9U  the  elementary  bodies ; — how  we  know  that  new  elements  may  not 
hereafter  be  discovered,  or  these  supposed  simple  bodies  resolved  into 
•wnpler  still  f     To  these  questions  we  can  only  answer,  by  referring  to 
fl*e  history  of  chemistry ; — ^by  pointing  out  what  chemists  have  undet- 
■^Ood  by  analysis,  according  to  the  preceding  narrative.     Tliey  have 
^^Hsidcred,  as  the  analysis  of  a  substance,  that  elementary  constitution 
^^  it  which  gives  the  only  intelligible  explanation  of  the  results  of 
^^cmical  manipulation,  and  which  is  proved  to  be  complete  as  to  quan- 
'^^y,  by  the  balance,  since  the  whole  can  only  be  equal  to  all  its  parts. 
*t  is  impossible  to  maintain  that  new  substances  may  not  hereafter  be 
^^covered ;  for  they  may  lurk,  even  in  familiar  substances,  in  doses  so 
5*^inute  that  they  have  not  yet  been  missed  amid  the  inevitable  slight 
^^^^wcuracies  of  all  analysis ;  in  the  way  in  which  iodine  and  bromine 
^^^Twdned  so  long  undetected  in  sea-water ;  and  new  minerals,  or  old 
^^^es  not  yet  sufficiently  examined,  can  hardly  fail  to  add  something  to 
^^Ur  list    As  to  the  possibility  of  a  further  analysis  of  our  supposed 
Simple  bodies,  we  may  venture  to  say  that,  in  regard  to  such  supposed 
^itnple  bodies  as  compose  a  numerous  and  well-characterized  class,  no 
*Qch  step  can  be  made,  except  through  some  great  change  in  chemical 
^Ueory,  which  gives  us  a  new  view  of  all  the  general  relations  which 
^emistry  has  yet  discovered.     The  proper  evidence  of  the  reality  of 
any  supposed  new  analysis  is,  that  it  is  more  consistent  with  the  known 
**>slogie8  of  chemistry,  to  suppose  the  process  analytical  than  synthe- 
tical   Thus,  as  has  already  been  said,  chemists  admit  the  existence  of 
uaorine,  from  the  analogy  of  chlorine;  and  Davy,  when  it  was  found 

* 

»  Ckem.  i  262.  «  Tamer,  p.  971. 


310  HISTORY  OF  CHEMISTRY. 

bhat  ammonia  formed  an  amalgam  with  mercury,  was  templed  to  aaaign 
to  it  a  metallic  basis.  Bat  then  he  again  hesitates,*  and  doubts  whether 
the  analogic  of  our  knowledge  are  not  better  preserved  hj  supposing 
that  ammonia,  as  a  compound  of  hydrogen  and  another  principle,  is 
^a  tjrpe  of  the  composition  of  the  metals.^ 

Our  history,  which  is  the  history  of  what  wo  know,  has  little  to  do 
with  such  conjectures.  There  are,  however,  some  not  unimportant 
principles  which  bear  upon  them,  and  which,  as  they  are  usuallj  em- 
ployed, belong  to  the  science  which  next  comes  under  our  reviewi 
Mineralogy. 


^Mem.  Chem.  Phil.  1812,  p.  481. 
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KpiaraWov  ^aiBorra  Stavyia  Xd^to  X'P^* 
Aiav  inS^^tav  Ktfu^tyyioi  ififipdrov  afyXff, 
AtOipt  6*  iOavdruv  fifya  ripittrai  a^Otrop  tfrop. 
T6¥  «*  iJntp  ftcTu  XCif>a(  ^x*'*'*  »*F^  ^*'  Uijat, 
OCric  Toi  itaKdpuv  apv/iotrai  cvx^Mo'^* 

ORPiiEun.  Liihica, 

Now,  if  the  bold  but  pious  thought  bo  thine, 
To  reach  our  spacious  temple's  inner  shrine, 
Take  in  thy  reverent  hands  the  crystal  stone. 
Where  heavenly  light  in  earthy  shroud  is  shown  ;— 
Where,  moulded  into  measured  form,  with  rays 
Complex  yet  clear,  the  eternal  Ether  plays ; 
This  if  thou  firmly  hold  and  rightly  use, 
Not  long  the  gods  thy  ardent  wish  refuse. 


INTRODUCTION. 

Sect.  1, — 0/ the  Classificatory  Sciences. 

fTlHE  horizon  of  the  sciences  spreads  wider  and  wider  before  us,  as 
J-  we  advance  in  our  task  of  taking  a  survey  of  the  vast  domain 
We  have  seen  that  the  existence  of  Chemistry  as  a  science  which 
declares  the  ingredients  and  essential  constitution  of  all  kinds  of 
bodies,  implies  the  existence  of  another  corresponding  science,  which 
shall  divide  bodies  into  kinds,  and  point  out  steadily  and  precisely 
what  bodies  they  are  which  we  have  analysed.  But  a  science  thus 
dividing  and  defining  bodies,  is  but  one  member  of  an  order  of 
sciences,  different  from  those  which  wc  have  hitherto  described; 
namely,  of  the  cldssificatoty  sciences.  Such  sciences  there  must  be, 
not  only  having  reference  to  the  bodies  with  which  chemistry  deals, 
but  also  to  all  things  respecting  which  we  aspire  to  obtain  any  gene- 
ral knowledge,  as,  for  instance,  plants  and  animals.  Indeed  it  will 
be  found,  that  it  is  with  regard  to  these  latter  objects,  to  organizerl 
beings,  that  the  process  of  scientific  classification  has  been  most  suc- 
cessfully exercised;  while  with  regard  to  inorganic  substances,  the 
formation  of  a  satisfactory  system  of  arrangement  has  b^en  found 
extremely  difficult ;  nor  has  the  necessity  of  such  a  system  been  recog- 
nised by  chemists  so  distinctly  and  constantly  as  it  ought  to  bo. 
The  best  exemplification  of  these  branches  of  knowledge,  of  which  wc 
now  have  to  speak,  will,  therefore,  be  found  in  the  organic  world,  in 
Botany  and  Zoology ;  but  we  will,  in  the  first  place,  take  a  brief  view 
of  the  science  which  classifies  inorganic  bodies,  and  of  which  Minera 
logy  is  hitherto  the  very  imperfect  representative. 

The  principles  and  rules  of  the  Classificator}'  Sciences,  as  well  as  of 
those  of  the  other  orders  of  sciences,  must  be  fully  explained  when  we 
come  to  treat  of  the  Philosophy  of  the  Sciences ;  and  cannot  be  intro- 
duced here,  where  wc  have  to  do  with  historj'  only.  But  I  may 
observe  very  briefly,  that  with  the  process  of  classing,  is  joined  the 
process  of  naming; — that  names  imply  classification; — and  that  even 
the  rudest  and  earliest  application  of  language  presupposes  a  distribu- 
tion of  objects  according  to  their  kinds ; — but  that  such  a  spontaneous 
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and  unsystematic  distribution  cannot,  in  the  cases  we  now 
consider,  answer  the  purposes  of  exact  and  general  knowledj 
classification  of  objects  must  be  made  consistent  and  syste 
order  to  bo  scientific;  we  must  discover  marks  and  charac 
pertiiis  and  conditions,  which  are  constant  in  their  occum 
relations ;  we  i  must  form  our  classes,  we  must  impose  ou 
according  to  such  marks.  We  can  thus,  and  thus  alone,  arriv 
precise,  certain,  and  systematic  knowledge,  which  we  seek ;  t 
science.  The  object,  then,  of  the  classificatory  sciences  is  1 
FIXED  CHARACTERS  of  the  kiuds  of  things ;  and  the  criterio 
fitness  of  names  is,  that  they  make  general  propositions  f 
I  proceed  to  review  the  progress  of  certain  sciences  on  thea 
pies,  and  first,  though  briefly,  the  science  of  Mineralogy. 

Sect.  2. — 0/ Mineralogy  as  the  Analytico-cla^sificatory  Si 

Mineralogy,  as  it  has  hitherto  been  cultivated,  is,  as  I  have 
said,  an  imperfect  representative  of  the  department  of  huma 
ledge  to  which  it  belongs.  The  attempts  at  the  science  ha 
rally  been  made  by  collecting  various  kinds  gf  information  r< 
mineral  bodies ;  but  the  science  which  we  require  is  a  comj 
consistent  classified  system  of  all  inorganic  bodies.  For  c 
proceeds  upon  the  principle  that  the  constitution  of  a  body  ii 
determines  its  properties ;  and,  consequently,  its  kind :  but  w^ 
apply  this  principle,  except  we  can  speak  with  precision  of  1 
of  a  body,  as  well  as  of  its  composition.  We  cannot  attach  a 
to  the  assertion,  that  "  soda  or  baryta  has  a  metal  for  its  base 
we  know  what  a  metal  is,  or  at  least  what  properties  it  im| 
may  not  be,  indeed  it  is  not,  possible,  to  define  the  kinds  of  I 
words  only ;  but  the  classification  must  proceed  by  some  cons 
generally  applicable  process ;  and  the  knowledge  which  has  : 
to  the  classification  will  be  precise  as  far  as  this  process  is  pre 
vague  as  far  as  this  is  vague. 

There  must  be,  then,  as  a  necessary  supplement  to  Chei 
Science  of  those  properties  of  bodies  by  which  we  divide  tl 
kinds.  Mineralogy  is  the  branch  of  knowledge  which  has  disch: 
oflSce  of  such  a  science,  so  far  as  it  has  been  discharged  ;  and 
Mineralogy  has  been  gradually  approaching  to  a  clear  cons< 
of  her  real  place,  and  of  her  whole  task ;  I  shall  give  the  h 
some  of  the  advances  which  have  thus  been  made.   They  are,  pri 
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&e  establishment  and  uae  of  External  Cbaracten,  especially  of  Cryi- 
(otftM  Form^  as  a  fixed  character  of  definite  sabstances ;  and  the 
attempts  to  bring  into  view  the  connexion  of  Chemical  Conatitation 
and  External  Properties,  made  in  the  shape  of  mincralogical  Systems  ; 
both  those  in  which  chemical  methods  of  arrangement  are  adopted,  and 
tkie  which  profess  to  classify  by  tho  natural-history  method. 
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'•Ofi';  ';r.>tal  'iiff'.-rs  from  ar.v::.*:r  in  ::s  ar.^'.es.  acd  consoqaently'     ^ 
it«i  fi'r-.v.r     \jA  Ca:-a]pir-'^*,  who.  as  we  shall  find,  did  so  rancla      * 
'r'tablirhirj'^  fixf.-d  charact^rrs  iri  l-.-tany.  was  io^i  by  some  of  bis  gen ^^^"^ 
vi/:ws  to  d;>V:Jiovo  i\iC:  fixity  of  the  form  of  crystals.     In  bis  work   "^ 
Afetallicifij  puLiisliod  at  X^jroml-orj  in  1002,  bo  says,'  "To  ascribe? 
inaniinat'j  b^'^lios  a  defiiJto  form,  does  not  appear  consentaneous  ., 

r^-a^-on  ;  for  it  is  the  offic-o  of  organization  to  produce  a  definite  fonw^     '^ 


'  Jiat,  Jlitt.  xxvii.  2.  •  p.  25.  »  p.  97. 
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an  opinion  very  natural  in  one  who  liad  been  innnorsL'd  in  the  study  ot 
ihe  general  analogies  of  the  forms  of  plants.  But  though  this  is  ex- 
cusable in  Caesalpiniis,  the  rejection  of  this  definiteness  of  form  u 
kundrcd  years  later,  when  its  existence  had  been  proved,  and  its  laws 
developed  by  numerous  observers,  cannot  be  ascribed  to  anything  but 
strong  prejudice ;  yet  this  was  the  course  taken  by  no  less  a  person 
than  Buflfon.  "  The  form  of  crystallization,"  says  he,*  "  is  not  a  con- 
fiant  characUrj  but  is  more  equivocal  and  more  variable  than  any 
other  of  the  characters  by  which  minerals  are  to  be  distinguished." 
And  accordingly,  be  makes  no  use  of  this  most  important  feature  in 
his  history  of  minerals.  This  strange  perverseness  may  perhaps  be 
ascribed  to  the  dislike  which  Buffon  is  said  to  have  entertained  for 
Lnmaeas,  who  had  made  crystalline  form  a  leading  character  of  mine- 

It  18  not  necessary  to  mark  all  the  minute  steps  by  which  mineralo- 
gists were  gradually  led  to  see  clearly  the  nature  and  laws  of  the  fixity 
of  crystalline  forms.  These  forms  were  at  first  noticed  in  that  substance 
^Mch  is  peculiarly  called  rock-crystal  or  quartz;  and  afterwards  in 
^Arious  stones  and  gems,  in  salts  obtained  from  various  solutions,  and 
^**  snow.  But  those  who  observed  the  remarkable  regular  figures 
^bich  these  substances  assume,  were  at  first  impelled  onwards  in  their 
^Peculations  by  the  natural  tendency  of  the  human  mind  to  generalize 
•"^d  gness,  rather  than  to  examine  and  measure.  They  attempted  to 
•*^«tch  at  once  the  general  laws  of  geometrical  regularity  of  these 
^^^5cnrrences,or  to  connect  them  with  some  doctrine  concerning  formative 
^^**ise8.  Thus  Kepler,*  in  his  Harmonics  of  the  Worlds  asserts  a  ''^  forirui- 
^^^faeullas,  which  has  its  seat  in  the  entrails  of  the  earth,  and,  after 
^"e  manner  of  a  pregnant  woman,  expresses  the  five  regular  gcomctri- 
^^i  solids  in  the  forms  of  gems."  But  Philosophers,  in  the  course  of 
^^^Q,  came  to  build  more  upon  observation,  and  less  upon  abstract 
^^sonings.  Nicolas  Steno,  a  Dane,  published,  in  16C9,  a  dissertation 
-^«  Solido  intra  Solidum  Naturaliter  contento,  in  which  lie  says,*  that 
though  the  sides  of  the  hexagonal  crystid  may  vary,  the  angles  are  not 
^^Tiged,  And  Dominic  Gulielmini,  in  a  Dissertation  on  Salts, 
published  in  1707,  says,^  in  a  true  inductive  spirit,  "Nature  does  not 
enaploy  all  figures,  but  only  certain  ones  of  tliose  which  are  possible  ; 
^^d  of  these,  the  determination  is  not  to  be  fetched  from  the  brain,  or 
proved  d  priori,  but  obtained  by  experiments  and  observations."     And 


*  ^iU.  de$  Min.  p.  843.  •  Linz  1619,  p.  161.  •  p.  69.  *  p.  19. 
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he  speaks'  with  entire  decision  on  this  subject :  ^  Nevertheless 
there  is  here  a  principle  of  crystallization,  the  inclination  of  the  placs 
and  of  the  angles  is  always  constant**  He  even  anticipates,  y^ 
nearly,  the  views  of  later  crystallographers  as  to  the  mode  in  whft^ 
crystals  are  formed  from  elementary  molecules.  From  this  time,  mtLrm 
persons  labored  and  speculated  on  this  subject ;  as  Cappeller,  whcai 
Prodromus  Crystallographice  appeared  at  Lucem  in  1723;  Boui]^< 
who  published  Lettres  Philosophiques  sur  la  Formation  de  SeU  ef  « 
Cri^taux,  at  Amsterdam,  in  1792 ;  and  Henckel,  the  "Physicus'^  < 
the  Elector  of  Saxony,  whose  Pyritologia  came  forth  in  1725.  In  tla 
last  work  we  have  an  example  of  the  description  of  the  various  for-n 
of  special  classes  of  minerals,  (iron  pyrites,  copper  pyrites,  and  arsevi 
pyrites ;)  and  an  example  of  the  enthusiasm  which  this  apparently  < 
and  laborious  study  can  excite:  "Neither  tongue  nor  stone,"  heexclaic 
"  can  express  the  satisfection  which  I  received  on  setting  eyes  upon  ti 
sinter  covered  with  galena ;  and  thus  it  constantly  happens,  that  c^^ 
must  have  more  pleasure  in  what  seems  worthless  rubbish,  thaa 
the  purest  and  most  precious  ores,  if  we  know  aught  of  minerals." 

Still,  however,  Henckel"  disclaims  the  intention  of  arranging  rai^ 
rals  according  to  their  mathematical  forms ;  and  this,  which  may 
considered  as  the  first  decided  step  in  the  formation  of  crystallograpl! 
mineralogy,  appears  to  have  been  first  attempted  by  Linnajus.    IntJ 
attempt,  however,  he  was  by  no  means  happy ;  nor  does  he  him»^ 
appear  to  have   been  satisfied,     lie  begins  his  preface  by  sayi** 
"  Lithology  is  not  what  I  plume  myself  upon."     [Litkologia  mihi  c^^ 
tas  non  eriget)     Though  his  sagacity,  as  a  natural  historian,  led  b»  '- 
to  see  that  crystalline  form  was  one  of  the  most  definite,  and  thercf^c 
most  important,  characters  of  minerals,  he  failed  in  profiting  by  fJ 
thought,  because,  in  applying  it,  he  did  not  employ  the  light  of  geoC* 
try,   but  was   regulated   by   what  appeared   to   him    resemblances 
arbitrarily  selected,  and  often  delusive."     Thus  he  derived  the  fomm 
pyrites  from  that  of  vitriol  ;*'  and  brought  together  alum  and  diarac^^ 
on  account  of  their  common  octohedral  form.     But  he  had  the  gr"^ 
merit  of  animating  to  this  study  one  to  whom,  more  perhaps  than 
any  other  person,  it  owes  its  subsequent  progress;  I  mean  Rome 
Lisle.     "  Instructed,"  this  writer  says,  in  his  preface  to  his  Essaif 
Cnjstallographie^  "  by  the  works  of  the  celebrated  Von  Linnee,  h^ 


•  p.  83.  •  p.  348.  "  p.  167.  »'  Marx.  Oesch.  p.  97. 
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^px^y  the  study  of  the  angular  form  of  crystals  might  become 
mUrestiDg,  and  fitted  to  extend  the  sphere  of  our  mineralogical  know- 
ledge, I  have  followed  them  in  all  their  metamorphoses  with  the  most 
scmpiiloas  attention.''  The  views  of  Linnaeus,  as  to  the  importance  of 
this  character,  had  indeed  been  adopted  by  several  others ;  as  John 
Hill,  the  King's  gardener  at  Kew,  who,  in  1111,  published  his  Spatho- 
9^aaia;  and  Grignon,  who,  in  \115,  says,  "These  crystallizations 
niay  give  the  means  of  finding  a  new  theory  of  the  generation  of  crys- 
taJJine  gems." 

The  circumstance  which  threw  so  much  difficulty  in  the  way  of 
those  who  tried  to  follow  out  his  thought  was,  that  in  consequence  of 
Ac  apparent  irregularity  of  crystals,   arising  from  the  extension  or 
<5w»trMtion  of  particular  sides  of  the  figure,  each  kind  of  substance 
■**y  really  appear  under  many  different  forms,  connected  with  each 
^>*l^  by  certain  geometrical  relations.    These  may  bo  conceived  by 
<^i»idering  a  certain  fundamental  form  to  be  cut  into  new  forms  in 
Particular  ways.    Thus  if  we  take  a  cube,  and  cut  off  all  the  eight 
^^orners,  till  the  original  faces  disappear,  wc  make  it  an  octohedron ; 
*o<i  if  ^c  stop  short  of  this,  wc  have  a  figure  of  fourteen  faces,  which 
uas  been  called  a  culxhoctohedron.     The  first  person  who  appears  dis- 
tinctly  to  have  conceived  this  truncation  of  angles  and  edges,  and  to 
^v^e  introduced  the  word,  is  Dcmcste;"   although  Wallerius**  had 
**''eady  said,  in  speaking  of  the  various  crystalline  forms  of  calcspar, 
*'  I  conceive  it  would  be  better  not  to  attend  to  all  differences,  lest  wc 
*^  overwhelmed  by  the  number."     And  Werner,  in  his  celebrated 
^ork  On  the  External  Characters  of  Minerals,^*  had  formally  spoken 
^^  truncation,  acuation,  and  acumination,  or  replacement  by  a  plane, 
^^  edge,  a  point  respectively,  {abstumpfung,  zuschdrfung,  zuspitzung,) 
^^  ways  in  which  the  forms  of  crystals  are  modified  and  often  dis- 
guised.   He  applied  this  process  in  particular  to  show  tlie  connexion 
^f  the  various  forms  which  are  related  to  the  cube.     But  still  the 
<ixtension  of  the  process  to  the  whole  range  of  minerals  and  other 
crystalline  bodies,  was  due  to  Rome  de  Lisle. 


*"  Zettrei,  1779,  l  48.  "  Systema  Mineralogieum,  1772-6,  i  148 

■•  Leipzig.  1774. 
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CHAPTER  II. 

Epoch  of  Rom£  db  Lisle  and  Hauy. — Establishment  of 
Fixity  of  Crystalline  Angles,  and  the  Simplicitt  of 
Laws  of  Derivation. 

WE  have  already  seen  that,  before  1780,  several  mineralogists'  biM 
recognized  the  constancy  of  the  angles  of  crystals,  and  had  i 
(as  D6meste  and  Werner,)  that  the  forms  were  subject  to  modificsti^ 
of  a  definite  kind.    But  neither  of  these  two  thoughts  was  so  appi^ 
bended  and  so  developed,  as  to  supersede  the  occasion  for  a  discoverer 
who  should  put  forward  these  principles  as  what  they  really  were,  tiw 
materials  of  a  new  and  complete  science.    The  merit  of  this  wA0f 
belongs  jointly  to  Rome  de  Lisle  and  to  Haiiy.    The  former  of  tlieaa 
two  men  had  already,  in  1772,  published  an  Essai  de  Crystallographiif 
in  which  he  had  described  a  number  of  crystals.     But  in  this  woik 
his  views  are  still  rude  and  vague ;  he  does  not  establish  any  c<H»- 
nected  sequence  of  transitions  in  each  kind  of  substance,  and  laj* 
little  or  no  stress  on  the  angles.     But  in  1783,  his  ideas*  had  reacsb©^ 
a  maturity  which,  by  comparison,  excites  our  admiration.     In  this  h* 
asserts,  in  the  most  distinct  manner,  the  invariability  of  the  angles  cf 
crystals  of   each  kind,  under  all  the  changes  of  relative  dimeasi^ 
which  the  faces  may  undergo;'  and  he  points  out  that  this  invaW" 
ability  applies  only  to  the  primitive  forms^  from  each  of  which  rsx^^ 
secondary  forms  are  derived  by  various  changes.'     Thus  we  cai^^**'* 
deny  him  the  merit  of  having  taken  steady  hold  on  both  the  han^^ 
of  this  discovery,  though  something  still  remained  for  another  to   ^^ 
Rom6  pursues  his  general  ideas  into  detail  with  great  labor  and  s^k^ 
He  gives  drawings  of  more  than  five  hundred  regular  forms  (in     '^^ 
fii-st  work  he  had  inserted  only  one  hundred  and  ten ;  Linnaeus  o'^^ 
knew  forty; ;    and  assigns  them  to  their  proper  substances ;  for      ^^ 
stance,  thirty  to  calcspar,  and  sixteen  to  felspar.     He  also  inve*^*^ 
and  used  a  goniometer.     We  cannot  doubt  that  he  would  have  t^^ 


*  CriBtallographie,  on  Description  de  Fonnet  proprea  a  tout  Us  Corp^ 
Rigne  Mineral.     3  vols,  and  1  voL  of  plates. 
»  p.  68.  '  p.  73. 
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ce<5l  upon  w  a  great  discoverer,  if  his  fame  bad  n^t  been  dimmed 
tlie  more  brilliant  success  of  his  contemporary  Hafly. 
^Ti^ust  Ilatly  is  rightly  looked  upon  as  the  founder  of  the 
»derii  school  of  crystallography ;  for  all  those  who  have,  since  him, 
isued  the  study  with  success,  have  taken  his  views  for  their  basis, 
sskles  publishing  a  system  of  crystallography  and  of  mineralogy,  far 
iOre  complete  than  any  which  had  yet  appeared,  the  peculiar  steps  in 
le  advance  which  belong  to  him  are,  the  discovery  of  the  importance 
<f  deavapey  and  the  consequent  expression  of  the  laws  of  derivation 
^  secondary  from  primary  forms,  by  means  of  the  decrements  of  the 
meeeBsive  layers  of  integrant  molecules, 

Ike  latter  of  these  discoveries  had  already  been,  in  some  measure, 
•nticipated  by  Bergman,  who  had,  in  1773,  conceived  a  hexagonal 
F*i«n  to  be  built  up  by  the  juxtaposition  of  solid  rhombs  on  the 
plttes  of  a  rhombic  nucleus.*  It  is  not  clear*  whether  Hatty  was 
•oqittinted  with  Bergman's  Memoir,  at  the  time  when  the  cleav- 
■gB  of  a  hexagonal  prism  of  calcspar,  accidentally  obtained,  led  him 
to  tbe  same  conception  of  its  structure.  But  however  this  might  be, 
fte  had  the  indisputable  credit  of  following  out  this  conception  with 
wl  the  vigor  of  originality,  and  with  the  most  laborious  and  persever- 
ing earnestness ;  indeed  he  made  it  the  business  of  his  life.  The 
hypothesis  of  a  solid,  built  up  of  small  solids,  had  this  peculiar  advan- 
^  in  reference  to  crystallography  ;  it  rendered  a  reason  of  this 
'^''ous  fact ; — that  a  certain  series  of  forms  occur  in  crystals  of  the 
^e  kind,  while  other  forms,  apparently  intermediate  between  those 
^ich  actually  occur,  are  rigorously  excluded.  The  doctrine  of  decre- 
^^^ta  explained  this ;  for  by  placing  a  number  of  regularly-decreasing 
*^s  of  equal  solids,  as,  for  instance,  of  bricks,  upon  one  another,  we 
^§bt  form  a  regular  equal-sided  triangle,  as  the  gable  of  a  house ; 
^^  if  the  breadth  of  the  gable  were  one  hundred  bricks,  the  height 

the  triangle  might  be  one  hundred,  or  fifty,  or  twenty-five ;  but  it 
•^iild  be  found  that  if  the  height  w^ere  an  intermediate  number,  as 
ty-seven,  or  forty-three,  the  edge  of  the  wall  would  become  irregu- 
^  »  and  such  irregularity  is  assumed  to  be  inadmissible  in  the  regular 
^cturc  of  crystals.  Thus  this  mode  of  conceiving  crystals  allows  of 
-itain  definite  secondary  forms,  and  no  others. 

^e  mathematical  deduction  of  the  dimensions  and   proportions 


^  -^^f  J^ermia  Cryalallorum.     Nov.  Act  Reg.  Soc.  8c.  Ups.  1773. 
^^*^te  de  Miner    1822, 1  15. 
^OL  IL— 21. 
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of  these  secondary  fonns ; — the  invention  of  a  notation  to  expr 
them ; — the  examination  of  the  whole  mineral  kingdom  in  accordai 
with  these  views; — the  production  of  a  work*  in  which  they 
explained  with  singular  clearness  and  vivacity ; — are  services  by  wli 
HafLy  richly  earned  the  admiration  which  has  been  bestowed  H]^ 
him.  The  wonderful  copiousness  and  variety  of  the  forms  and  la 
to  which  ho  was  led,  thoroughly  exercised  and  nourished  the  spii 
of  deduction  and  calculation  which  his  discoveries  excited  in  his 
The  reader  may  form  some  conception  of  the  extent  of  his  labors,  h 
being  told — ^that  the  mere  geometrical  propositions  which  he  found  i 
necessary  to  premise  to  his  special  descriptions,  occupy  a  volame  am 
a  half  of  his  work ; — that  his  diagrams  are  nearly  a  thousand  ii 
number; — that  in  one  single  substance  (calcspar)  he  has  describai 
forty-seven  varieties  of  form ; — and  that  he  has  described  one  kind  cl 
crystal  (called  by  him  fer  aulfure  parallelique)  which  has  one  laiii' 
dred  and  thirty-four  faces. 

In  the  course  of  a  long  life,  he  examined,  with  considerable  cah^ 
all  the  forms  he  could  procure  of  all  kinds  of  mineral ;  and  the  inter 
pretation  which  he  gave  of  the  laws  of  those  forms  was,  in  many  caaaii 
fixed,  by  means  of  a  name  applied  to  the  mineral  in  which  the  foilB 
occurred;  thus,  he  introduced  such  names  as  equiaxe,  metastatigi^ 
unibinaire,  perihexahMre^  hisaltemc^  and  others.  It  is  not  now  de- 
sirable to  apply  separate  names  to  the  different  forms  of  the  8aiiH 
mineral  species,  but  these  terms  answered  the  purpose,  at  the  timc,Oi 
making  the  subjects  of  study  more  definite.  A  symbolical  notation  « 
the  more  convenient  mode  of  designating  such  forms,  and  such  i 
notation  Ilaliy  invented ;  but  the  symbols  devised  by  him  had  man] 
inconveniences,  and  have  since  been  superseded  by  the  systems  ca 
other  crystallographers. 

Another  of  Hatty's  leading  merits  was,  as  we  have  already  intimated 
to  have  shown,  more  clearly  than  his .  predecessors  had  done,  that  tk* 
crystalline  angles  of  substances  are  a  criterion  of  the  substances;  aJi< 
that  this  is  peculiarly  true  of  the  angles  of  cleavage  ; — that  is,  tb 
angles  of  those  edges  which  are  obtained  by  cleaving  a  crystal  in  t*' 
different  directions; — a  mode  of  division  which  the  structure  ofmaH 
kinds  of  crystals  allowed  him  to  execute  in  the  most  complete  manne 
As  an  instance  of  the  employment  of  this  criterion,  I  may  mentic 
bis  separation  of  the  sulphates  of  baryta  and  strontia,  which  hi 


'  TraiU  de  Ifinirdlogie,  1801,  5  vols. 
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)eeii  confoanded.  Among  crystalB  which  in  the  coIlectioiMi 
I  leather  as  "heavy  spar,**  and  which  were  so  perfect  as 
:  accurate  meaaorcment,  he  foand  that  those  which  were 
n  Sicily,  and  those  of  Derbyshire,  differed  in  their  deavage 
lee  degrees  and  a  half. '  "I  conld  not  sappose,**  he  says,* 
iifference  was  the  effect  of  any  law  of  decrement;  for  it 
been  necessary  to  suppose  so  rapid  and  complex  a  law, 
1  hypothesis  might  have  been  justly  regarded  as  an  abuse 
7."  He  was,  therefore,  in  great  perplexity.  But  a  litde 
>U8  to  this,  Elaproth  had  discovered  that  there  is  an  earth 
agh  in  many  respects  it  resembles  baryta,  is  different 
ther  respects ;  and  this  earth,  from  the  place  where  it  was 
Gotland),  had  been  named  Strcntia.  The  French  chemists 
ned  that  the  two  earths  had,  in  st>me  cases,  been  mixed  or 
;  and  Yauquelin,  on  examining  the  Sicilian  crystals,  found 
base  was  strontia,  tind  not,  as  in  the  Derbyshire  ones, 
le  riddle  was  now  read ;  all  the  crystals  with  the  larger 
g  to  the  one,  all  those  with  the  smaller,  to  the  other,  of 
olphates ;  and  crystallometry  was  clearly  recognized  as  an 
lest  of  the  difference  of  substances  which  nearly  resemble 

las  been  said,  probably,  to  enable  the  reader  to  judge  how 
of  the  two  persons,  now  under  review,  contributed  to  crys- 
It  would  be  unwise  to  compare  such  contributions  to 
I  the  great  discoveries  of  astronomy  and  chemistry ;  and 
en  how  nearly  the  predecessors  of  Rom6  and  HaQy  had 
point  of  knowledge  on  which  these  two  crystallographers 
band.  But  yet  it  is  impossible  not  to  allow,  that  in  these 
which  thus  gave  form  and  substance  to  the  science  of  crys- 
,  we  have  a  manifestation  of  no  conmion  sagacity  and  skill, 
other  discoveries,  were  required  ideas  and  facts ; — clearness 
cal  conception  which  could  deal  with  most  complex  rela- 
n  ;  a  minute  and  extensive  acquaintance  with  actual  crys- 
kc  talent  and  habit  of  referring  these  facts  to  the  general 
iy,  in  particular,  was  happily  endowed  for  his  task.  With- 
grcat  mathematician,  he  was  suflSciently  a  geometer  to 
I  problems  which  his  undertaking  demanded ;  and  though 
latical  reasoning  might  have  been  made  more  compendious 


*  Traiti,  il  820. 
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by  one  who  was  more  at  home  in  mathematical  generalization,  pro 
blj  this  could  hardly  have  been  done  without  making  the  subject 
accessible  and  less  attractive  to  persons  moderately  disciplined  in  : 
thematics.  In  all  his  reasonings  upon  particular  cases,  Hatly  is  m 
and  clear ;  while  his  general  views  appear  to  be  suggested  rather  I 
lively  flEUicy  than  by  a  sage  inductive  spirit :  and  though  he  thus  mii 
the  character  of  a  great  philosopher,  the  vivacity  of  style,  and  fdic 
and  happiness  of  illustration,  which  grace  his  book,  and  which  ^i 
well  with  the  character  of  an  Abb^  of  the  old  French  monarchy,  k 
a  great  and  useful  influence  on  the  progress  of  the  subject 

Unfortunately  Bom6  de  Lisle  and  Hatly  were  not  only  rivab^  b 
in  some  measure  enemies.  The  former  might  naturally  feel  aoi 
vexation  at  finding  himself^  in  his  later  years  (he  died  in  l'790),thioi 
into  shade  by  his  more  brilliant  successor.  In  reference  to  Hatl/so 
of  cleavage,  he  speaks'  of  ^'  innovators  in  crystallography,  who  mi 
properly  be  called  crystallocJmtsr  Yet  he  adopted,  in  great  measm 
the  same  views  of  the  formation  of  crystals  by  larain®,'  which  Hi4 
illustrated  by  the  destructive  process  at  which  he  thus  sneers.  E 
sensitiveness  was  kept  alive  by  the  conduct  of  the  Academy  of  Scientt 
which  took  no  notice  of  him  and  his  labors  ;*•  probably  because  it  w 
led  by  Buffon,  who  disliked  Linnaeus,  and  might  dislike  Rome  as  1 
follower ;  and  who,  as  we  have  seen,  despised  crystallography.  Hkt 
revenged  himself  by  rarely  mentioning  Rom6  in  his  works,  thoa^ 
was  manifest  that  his  obligations  to  him  were  immense ;  andby  reeoi 
ing  his  errors  while  he  corrected  them.  More  fortunate  than  his  riv 
Hauy  was,  from  the  first,  received  with  favor  and  applause.  Hia  1< 
tures  at  Paris  were  eagerly  listened  to  by  persons  from  all  quarten 
the  world.  His  views  were,  in  this  manner,  speedily  diffused ;  and  1 
subject  was  soon  pursued,  in  various  ways,  by  mathematicians  fl 
mineralogists  in  every  country  of  Europe. 


CHAPTER  III. 
Reception  and  Corrections  of  tub  Hauian  Crtstalloora^^' 

I  HAVE  not  hitherto  noticed  the  imperfections  of  the  crystallogr«p' 
views  and  methods  of  HaUy,  because  my  business  in  the  last  sects 

•  Pref:  p.  xxvil  •  T.  iL  p.  21.  »  Marx  Gftch.  d.  CVyrf.  1*^ 
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vtt  to  mark  the  pennanent  additions  he  made  to  the  science.    His 

system  did,  however,  require  completion  and  rectification  in  various 

points;  and  in  speaking  of  the  crystallographers  of  the  subsequent  time, 

^ho  may  all  be  considered  as  the  cultivators  of  the  Hauian  doctrines, 

we  most  also  consider  what  they  did  in  correcting  them. 

The  three  nouiin  points  in  which  this  improvement  waa  needed  were ; — 
t  better  determination  of  the  crystalline  forms  of  the  special  sub- 
toces ; — a  more  general  and  less  arbitrary  method  of  considering 
crygtalline  forms  according  to  their  symmetry;  and  a  detection  of 
more  general  conditions  by  which  the  crystalline  angle  is  regulated. 
Tke  first  of  these  processes  may  be  considered  as  the  natural  sequel 
of  the  Hauian  epoch :  the  other  two  must  be  treated  as  separate  steps 
of  diaeovery. 

When  it  appeared  that  the  angle  of  natural  or  of  cleavage  faces 
cwH  be  used  to  determine  the  differences  of  minerals,  it  became  im- 
portant to  measure  this  angle  with  accuracy.  IlaUy's  measurements 
were  found  very  inaccurate  by  many  succeeding  cr}^stallographers : 
Mohs  says*  that  they  are  so  generally  inaccurate,  that  no  coDfidence 
can  be  placed  in  them.  This  was  said,  of  course,  according  to  the 
.naore  rigorous  notions  of  accuracy  to  which  the  establishment  of  Ilauy's 
system  led.  Among  the  persons  who  principally  labored  in  ascertain- 
mg  with  precision,  the  crystalline  angles  of  minerals,  were  several 
^ishmen,  especially  Wollaston,  Phillips,  and  Brooke.  Wollaston, 
^y  the  invention  of  his  Reflecting  Goniometer,  placed  an  entirely  new 
degree  of  accuracy  within  the  reach  of  the  crystallographer ;  tlie  angle 
^  two  faces  being,  in  this  instrument,  measured  by  means  of  the 
reflected  images  of  bright  objects  seen  in  them,  so  that  the  measure  is 
the  more  accurate  the  more  minute  the  faces  are.  In  the  use  of  this 
JDstrument,  no  one  was  more  laborious  and  successful  than  William 
*^"fllip8,  whose  power  of  apprehending  the  most  complex  forms  with 
^^iness  and  clearness,  led  Wollaston  to  say  that  he  had  "  a  geome- 
^^al  sense."  Phillips  published  a  Treatise  on  Mineralogy,  containing 
*  ^eat  collection  of  such  determinations ;  and  Mr.  Brooke,  a  crystal- 
lographer  of  the  same  exact  and  careful  school,  has  also  published 
'^^eral  works  of  the  same  kind.  The  precise  measurement  of  crys- 
^Hne  angles  must  be  the  familiar  employment  of  all  who  study 
^8ta.lography ;  and,  therefore,  any  further   enumeration   of  those 


*  Marx.  p.  158 


32(>  HISTOBY  OF  MINERALOGY. 

who  have  added  in  this  way  tx)  the  stock  of  knowledge,  \ 
snperflaous. 

Nor  need  I  dwell  long  on  those  who  added  to  the  knowledj 
Hady  left,  of  derived  forms.  The  most  remarkable  work  of 
was  that  of  Coant  Boamon,  who  published  a  work  on  a  singli 
(calcspar)  in  three  quarto  volumes.'  Ho  has  here  given  rcpres 
of  seven  hundred  forms  of  crystals,  of  which,  however,  onlj 
are  essentially  different.  From  this  example  the  reader  m 
what  a  length  of  tune,  and  what  a  number  of  observers  and 
tors,  were  requisite  to  exhaust  the  subject. 

If  the  calculations,  thus  occasioned,  had  been  cc;jductcd  i 
basis  of  Haiiy's  system,  without  any  further  generalization,  th 
have  belonged  to  that  process,  the  natural  sequel  of  inductive 
Ties,  which  wo  call  deduction ;  and  would  have  needed  on] 
brief  notice  here.  But  some  additional  steps  were  made  in  th( 
road  to  scientific  truth,  and  of  these  we  must  now  give  an  ac( 


CHAPTER  IV. 

Establishment  of  the  Distinction  of  Systems  of  Crtj 
TioN. — Weiss  and  Mohs. 

IN  Hatty's  views,  as  generally  happens  in  new  systems,  howc 
there  was  involved  something  that  was  arbitrary,  sometl: 
was  false  or  doubtful,  something  that  was  unnecessarily  limitc 
principal  points  of  this  kind  were; — his  having  made  the 
crystalline  derivation  depend  so  much  upon  cleavage; — ^hii 
assumed  an  atomic  constitution  of  bodies  as  an  essential  pa 
system ;  and  his  having  taken  a  set  of  primary  forms,  whic 
selected  by  no  general  view,  were  partly  superfluous,  an 
defective. 

How  far  evidence,  such  as  has  been  referred  to  by  various 
phers,  has  proved,  or  can  prove,  that  bodies  are  constituted  ol 
ble  atoms,  will  be  more  fully  examined  in  the  work  which 
the  Philosophy  of  this  subject.     Thero  can  be  little  doubt 


'  TraiU  eompUt  de  la  Chaux  Carbonatee  et  dAragonite,  par  M.  le 
Bonrnon.    London,  1808. 
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portion  of  Hatty's  doctrine  wluch  most  riveted  popular  attention  and 

applause,  was  his  dissection  of  ciystals,  in  a  manner  which  was  snp- 

^poied  to  lead  actually  to  their  ultimate  material  elements.    Yet  it  is 

filMT,  that  since  the  solids  given  by  cleavage  are,  in  many  cases,  such 

aa  eunot  make  up  a  solid  space,  Uie  primary  conception  of  a  neces- 

Miy  ge<xnotrical  identity  between  the  results  of  division  and  the 

dements  of  composition,  which  is  the  sole  foundation  of  the  supposi- 

tkm  tbat  crystallography  points  out  the  actual  elements,  disappears  on 

bong  scrutinized :  and  when  HaQy,  pressed  by  this  difficulty,  as  in  the 

€186  of  fluor-spar,  put  his  int^rant  octohedral  molecules  together, 

toodiiog  by  the  edges  only,  his  method  became  an  empty  geometrical 

Agram,  with  no  physical  meaning. 

The  real  hctj  divested  of  the  hypothesis  which  was  contained  in  the 

fction  of  decrements,  was,  that  when  the  relation  of  the  derivative  to 

^^  primary  faces  is  expressed  by  means  of  numerical  indices,  these 

wnnbers  are  integers,  and  generally  very  small  ones ;  and  this  was 

the  form  which  the  law  gradually  assumed,  as  the  method  of  deriva- 

*>0Q  was  made  more  general  and  simple  by  Weiss  and  others. 

"When,  in  1809,1  published  my  Dissertation,"  says  Weiss,'  "I 

wared  the  common  opinion  as  to  the  necessity  of  the  assumption  and 

toe  reality  of  the  existence  of  a  primitive  form,  at  least  in  a  sense 

^t,  very  different  from  the  usual  sense  of  the  expression.     While  I 

sought^"  he  adds,  referring  to  certain  doctrines  of  general  philosophy 

^i^ich  he  and  others   entertained,  "a  dynamical  ground  for  this, 

"*^^€ad  of  the  untenable  atomistic  view,  I  found  that,  out  of  my 

P^itive  forms,  there  was  gradually  unfolded  to  my  hands,  that 

.  ^ch  really  governs  them,  and  is  not  affected  by  their  casual  fluctua- 

^^  the  fundamental  relations  of  those  Dimensions  according  to 

,  ^'ch  a  multiplicity  of  internal  oppositions,  necessarily  and  mutually 

^  ^fdependent,  are  developed  in  the  mass,  each  having  its  own  pola- 

7^  J  so  that  the  crystalline  character  is  co-extensive  with  these  pola- 
rtti^>7 

-Oie  "Dimensions"  of  which  Weiss  here  speaks,  are  the  Axes  of 

^^itutry  of  the  crystal ;  that  is,  those  lines  in  reference  to  which, 

^^y  face  is  accompanied  by  other  faces,  having  like  positions  and 

'^^porties,     Thus  a  rhomb,  or  more  properly  a  rhombokedron*  of 


*  -*f<m.  Acad  Berl  1816,  p.  807. 

I  tif«  this  name  for  the  solid  figure,  since  rhomb  has  always  been  used  for 
P**oe  figure. 
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calcspar  may  be  placed  with  one  of  its  obtuse  corners  uppermost^  a 
that  all  the  three  faces  which  meet  there  are  equally  inclined  to  -^hi 
vertical  line.  In  this  position,  every  derivative  fiace,  which  is  obtaiacxec 
by  any  modification  of  the  faces  or  edges  of  the  rhomboheds-<«ni, 
implies  either  three  or  six  such  derivative  faces;  for  no  one  of  ^e 
three  upper  faces  of  the  rhombohedron  has  any  character  or  piopeiiy 
different  from  the  other  two ;  and,  therefore,  there  is  no  reason  for  the 
existence  of  a  derivative  from  one  of  these  primitive  faces,  which  does 
not  equally  hold  for  the  other  primitive  faces.  Hence  the  deriratiTe 
forms  will,  in  all  cases,  contain  none  but  faces  connected  by  this  kind 
of  correspondence.  The  axis  thus  made  vertical  will  be  an  Axis  of 
Symmetry,  and  the  crystal  will  consist  of  three  divisions,  ranged  ronnd 
this  axis,  and  exactly  resembling  each  other.  According  to  Wei«'» 
nomenclature,  such  a  crystal  is  "  three-and-three-membered." 

But  this  is  only  one  of  the  kinds  of  symmetry  which  crystalline  forna* 
may  exhibit  They  may  have  three  axes  of  complete  and  equal  syttt' 
metry  at  right  angles  to  each  other,  as  the  cube  and  the  regular  octo- 
hedron ; — or,  two  axes  of  equal  symmctr}',  perpendicular  to  each  oth^* 
and  to  a  third  axis,  which  is  not  affected  with  the  same  symmcti^ 
with  which  they  are ;  such  a  figure  is  a  square  pyramid ; — or  tboi 
may  have  three  rectangular  axes,  all  of  unequal  symmetry,  the  mcxi™ 
cations  referring  to  each  axis  separately  from  the  other  two. 

These  are  essential  and  necessary  distinctions  of  crystalline  form 
and  the  introduction  of  a  classification  of  forms  founded  on  such  rel* 
tions,  or,  as  they  were  called,  Systems  of  Crystallization,  was  a  gT^* 
improvement  upon  the  divisions  of  the  earlier  cr}'stallographeT»,  'f^ 
those  divisions  were  separated  according  to  certain  arbitrarily-assucn* 
primary  forms.  Thus  Rome  de  Lisle's  fundamental  forms  wcre^  ** 
tetrahedron,  the  cube,  the  octohedron,  the  rhombic  prism,  the  rhonil> 
octohedron,  the  dodecahedron  with  triangular  faces  :  Hatly's  priix»^ 
forms  are  the  cube,  the  rhombohedron,  the  oblique  rhombic  prism,  ** 
right  rhombic  prism,  the  rhombic  dodecahedron,  the  regular  oct-o** 
dron,  tetrahedron,  and  six-sided  prism,  and  the  bipyramidal  dodeo^^ 
dron.  This  division,  as  I  have  already  said,  errs  both  by  excess  ^ 
defect,  for  some  of  these  primary  forms  might  be  made  derivatives  /^ro 
others ;  and  no  solid  reason  could  be  assigned  why  they  wer©  ^* 
Thus  the  cube  may  be  derived  from  the  tetrahedron,  by  truncating  *" 
edges ;  and  the  rhombic  dodecahedron  again  from  the  cube,  by  "t^** 
eating  its  edges;  while  the  square  pyramid  could  not  be  legitime *^ 
dentified  with  the  derivative  of  any  of  these  forms ;  for  if  we  wc^"^^ 
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sme  it  £rom  the  rhombic  prism,  why  should  the  acute  angles  always 
ifTer  decrements  corresponding  in  a  certain  way  to  those  of  the  obtuse 
ngles,  as  they  must  do  in  order  to  give  rise  to  a  square  pyramid  ? 

Ilie  introduction  of  the  method  of  reference  to  Systems  of  Crystal- 
Ization  has  been  a  subject  of  controversy,  some  ascribing  this  valuable 
teptd  Weiss,  and  some  to  Mohs.'  It  appears,  I  think,  on  the  whole, 
hat  Weiss  first  published  works  in  which  the  method  is  employed; 
mt  that  Mohs,  by  applying  it  to  all  the  known  species  of  minerals,  ha« 
lad  the  merit  of  making  it  the  basis  of  real  crystallography.  Weiss, 
Q  1809,  published  a  Dissertation  On  the  mode  of  investigating  the 
Trindpal  geometrical  character  of  crystalline  forms^  in  which  he  says,* 
^  No  part,  line,  or  quantity,  is  so  important  as  the  axis ;  no  considera- 
wn  is  more  essential  or  of  a  higher  order  than  the  relation  of  a  crystal- 
•ne  plane  to  the  axis ;"  and  again,  "  An  axis  is  any  line  governing  the 
gore,  about  which  all  parts  are  similarly  disposed,  and  with  reference 
>  which  they  correspond  mutually?'  This  he  soon  followed  out  by 
E^mination  of  some  difficult  cases,  as  Felspar  and  Epidote.  In  the 
€naoirs  of  the  Berlin  Academy,*  for  1814-15,  he  published  An  Ex- 
^iion  of  the  natural  Divisions  of  Systems  of  Crystallization,  In 
'•  Memoir,  his  divisions  arc  as  follows  : — The  regular  system,  iha four- 
^^bercdj  the  tw(Hznd-two-7?iembered,  the  three-and-three-membered, 
^  some  others  of  inferior  degrees  of  symmetry.     These  divisions  are 

iiohs  (Outlines  of  Mineralogy,  1822),  termed  the  tessular,  pyrami- 
^j  prismatic,  and  rhombohedral  systems  respectively.  Hausraann,  in 
^  Investigations  concerning  the  Forms  of  Inanimate  Nature,*  makes 
Tiearly  corresponding  arrangement; — tire   isometric,  monodimetric, 

nietric,  and  monotrimetic  ;  and  one  or  other  of  these  sets  of  terms 
i-vc  been  adopted  by  most  succeeding  writers. 

Tn  order  to  make  the  distinctions  more  apparent,  I  have  purposely 
nitted  to  speak  of  the  systems  which  arise  when  the  prismatic  system 
&essome  part  of  its  symmetry  ; — when  it  has  only  half  or  a  quarter  its 
>mplcte  number  of  faces ; — or,  according  to  Mohs's  phraseology,  when 

18  hemihedral  or  tetartohedral.  Such  systems  are  represented  by  the 
ingly-oblique  or  doubly-oblique  prism  ;  they  are  termed  by  Weiss 
^^o-<ind-one-membered,  and  one-and-one-membered  ;  by  other  writers, 
^onoklinometric,  and  Triklinometric  Systems.     There  are  al^  other 


*  ^iru  PhiL  Trans.  1823,  vols.  xv.  and  xvi  *  pp.  16,  42. 

Ibid.  •  GSttingen,  1821. 
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peculiarities  of  Symmetry,  such,  for  instance,  as  that  of  the  plagihetj^r^ 
faces  of  quartz,  and  other  minerals. 

The  introduction  of  an  arrangement  of  crystalline  forms  into  syst^m^ 
according  to  their  degree  of  symmetry,  was  a  step  which  was  ni'Uier 
founded  on  a  distinct  and  comprehensive  perception  of  roathematicai 
relations,  than  on  an  acquaintance  with  experimental  £fict8,  beyond 
what  earlier  mineralogists  had  possessed.    This  arrangement  was,  how- 
ever, remarkably  confirmed  by  some  of  the  properties  of  minerab  whidi 
attracted  notice  about  the  time  now  spoken  of,  as  we  sliall  see  ia  th« 
next  chapter. 


CHAPTER  V. 

Rkception  and  Confirmation  t)F  the  Distinction  of  Stbibb0 
OF  Crystallization. 

DIFFUSION  OF  THE  Distinction  of  Systems. — The  distinctaoa  of 
systems  of  crystallization  was  so  far  founded  on  obviously  trw 
views,  that  it  was  speedily  adopted  by  most  mineralogists.     I  needii<3> 
dwell  on  the  steps  by  which  this  took  place.    Mr.  Haidinger^s  ti»nal*" 
tion  of  Mohs  was  a  principal  occasion  of  its  introduction  in  En^*™* 
As  an  indication  of  dates,  bearing  on  this  subject,  perhaps  I  may   *^ 
allowed  to  notice,  that  there  appeared  in  the  Philosophical  Tr0^^^' 
lions  for  1825,  A  General  Method  of  Calculating  the  Angels  of  Cryi^^ 
which  I  had  written,  and  in  which  I  referred  only  to  Hatty's  vie^*» 
but  that  in  182C,*  I  published  a  Memoir  On  the  Classification  of  C^^ 
talline  Combinations^  founded  on  the  methods  of  Weiss  and  M^*^ 
especially  the  latter;   with  which  I  had  in  the  mean  time  becoi*^ 
acquainted,  and  which  appeared  to  me  to  contain  their  own  cvid©^^ 
and  recommendation.     General  methods,  such  as  was  attempted  i^  **® 
Memoir  just  quoted,  arc  part  of  that  process  in  the  history  of  scici*^^^ 
by  which,  when  the  principles  arc  once  established,  the  mathemat*^ 
operation  of  deducing  their  consequences  is  made  more  and  1t^^^ 
general  and  symmetrical :  which  wc  have  seen  already  exemplified   ^ 
the  history  of  celestial  mechanics  after  the  time  of  Newton.     It  A^^ 
not  enter  into  our  plan,  to  dwell  upon  the  various  steps  in  this  '^  *^ 


*  Camh.  Trans,  vol.  il  p.  891. 
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iievj,  Namnann,  Graasmann,  Eupflfer,  HeiBely  and  bj  Pltrfei- 
among  ourselves.  I  may  notice  that  one  great  improrement 
lethod  introduced  hj  Monteiro  and  Levy,  of  determining  the 
rivation  of  forces  by  means  of  the  paraUeiiims  of  edga; 
afterwards  extended  so  that  fiices  were  considered  as  belong- 
».  Nor  need  I  attempt  to  enumerate  (what  indeed  it  would 
i  to  describe  in  words)  the  yarious  methods  of  notaium  by 
as  been  proposed  to  represent  the  fiices  of  crystals,  and  to 
le  calculations  which  have  reference  to  them. 
.]  [My  Memour  of  1825  depended  on  the  views  of  Hatly  in 
at  I  started  from  his  "  primitive  forms  f  but  being  a  general 
*  expressing  all  forms  by  co-ordinates,  it  was  very  little 
>y  these  views.  The  mode  of  representing  crystalline  forms 
oposed  seemed  to  contain  its  own  evidence  of  being  more 
itare  than  Hatly's  theory  of  decrements,  inasmuch  as  my 
pressed  the  faces  at  much  lower  numbers.  I  determine  a 
ans  of  the  dimensions  of  the  primary  form  divided  by  certain 
Hady  had  expressed  the  face  virtually  by  the  same  dimen- 
Iplied  by  numbers.  In  cases  where  my  notation  gives  such 
B  (3,  4,  1),  (1,  3,  7),  (5,  1,  19),  his  method  involves  the 
nbere  (4,  3,  12),  (21,  7,  3),  (19,  95,  5).  My  method  how- 
'.  believe,  little  value  as  a  method  oi  ^^  calculating  the  angles 

n 

mann,  of  Konigsberg,  introduced  a  very  convenient  and 
>dc  of  representing  the  position  of  faces  of  crystals  by  corro- 
>oints  on  the  surface  of  a  circumscribing  sphere.  He  gave 
the  laws  of  the  derivation  of  crystalline  faces,  expressed  geo 
by  the  intersection  of  zones,  {Beitrdge  zur  Kryatallonomie,) 
method  of  indicating  the  position  of  faces  of  crystals  was 
together  with  the  notation,  re-invented  by  M.  Grassmann, 
stallonomie  und  Geometrischen  Cambinatianslehre^  1629.) 
nsolf  by  the  suggestions  of  these  writers,  and  partly  adopting 
3,  Prof.  Miller  has  produced  a  work  on  Crystallography  re- 
br  mathematical  elegance  and  symmetry;  and  has  given 
i  really  useful  for  calculating  the  angles  of  crystalline  faces, 
re  on  Crystallography.  Cambridge,  1839.)] 
ation  of  the  Distinction  of  Systems  by  the  Optical  Properties 
's. — Brewster, — I  must  not  omit  to  notice  the  striking  con- 
vhich  the  distinction  of  systems  of  crystallization  received 
Ell  discoveries,  especially  those  of  Sir  D.  Brewster.    Of  the 


^ 
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history  of  this  very  rich  and  beautiful  department  of  science,  we  l^a 
already  given  some  account,  in  speaking  of  Optics.  The  first  £aB 
which  were  noticed,  those  relating  to  double  refraction,  belonged  * 
clusively  to  crystals  of  the  rhombohedral  system.  The  splendid  pi 
noinena  of  the  rings  and  lemniscates  produced  by  dipolarizing  ciyst^ 
were  afterwards  discovered ;  and  these  were,  in  1817,  classified  by  i 
David  Brewster,  according  to  the  crystalline  fonns  to  which  tli^ 
belong.  This  classification,  on  comparison  with  the  distinctioa  i 
Systems  of  Crystallization,  resolved  itself  into  a  necessary  relaUon  i 
mathematical  symmetry  :  all  crystals  of  the  pyramidal  and  rhomboh 
dral  systems,  which  from  their  geometrical  character  have  a  single  aa 
of  symmetry,  are  also  optically  uniaxal,  and  produce  by  dipolariatic 
circular  rings ;  while  the  prismatic  system,  which  has  no  such  sing 
axis,  but  three  unequal  axes  of  symmetry,  is  optically  biaxal,  gives  leu 
niscatcs  by  dipolarized  light,  and  according  to  Fresnel's  theory,  bi 
three  rectangular  axes  of  unequal  elasticity. 

[2nd  Ed.]  [I  have  placed  Sir  David  Brewster's  arrangement  of  crjj 
tallino  forms  in  this  chapter,  as  an  event  belonging  to  the  confirmatk 
of  the  distinctions  of  forms  introduced  by  Weiss  and  Mohs ;  becav 
that  arrangement  was  established,  not  on  crystallographical,  but  ' 
optical  grounds.    But  Sir  David  Brewster's  optical  discovery  wiui 
much  greater  step  in  science  tlian  the  systems  of  the  two  German  cr 
tallographcrs ;  and  even  in  respect  to  the  crystallographical  princi' 
Sir  D.  Brewster  had  an  independent  share  in  the  discovery, 
divided  crystalline  forms  into  three  classes,  enumerating  the  Ha' 
"  primitive  forms"  which  belonged  to  each  ;  and  as  he  found  soin 
ceptions  to  this  classification,  (such  as  idocrasc,  <kc.,)  he  venture 
pronounce  that  in  those  substances  the  received  primitive  forms 
probably  erroneous;   a  judgment  which  was  soon  confinned 
closer  crystallographical  scrutiny.     He  also  showed  his  percept 
the  mineralogical  importance  of  his  discovery  by  publishing  it^  n- 
in  the  PhiL  Trans,  (1818),  but  also  in  the  Transactions  of  th 
nerian  Society  of  Natural  History.     In  a  second  paper  insc 
this  later  series,  read  in  1820,  he  further  notices  Mohs's  System 
tallography,  which  had  then  recently  appeared,  and  points 
agreement  with  his  own . 

Another  reason  why  I  do  not  make  his  great  optical  di? 
cardinal  point  in  the  history  of  crystallography  is,  that  as  a 
graphical  system  it  is  incomplete.     Although  we  are  thus  1« 
.inguish  the  tessular  and  the  prismatic  systems  (using  Mo^ 


SYSTEMS  OF   CRYSTALLIZATION.  333 

irotu  tLe  rhombohedral  and  tlie  square  pr'usnuitic^  wo  arc  riot  led  to 
distinguisli  the  latter  two  from  each  other ;  iniismuch  as  tliey  have  no 
optical  difference  of  character.  But  tliis  distinction  is  quite  essential 
in  crystallography ;  for  these  two  systems  liave  faces  formed  by  law* 
as  different  as  those  of  the  other  two  systems. 

Moreover,  Weiss  and  Mohs  not  only  divided  crystalline  forms  into 
eeitain  classes,  but  showed  that  by  doing  this,  the  derivation  of  all  the 
ezistiDg  forms  from  the  fundamental  ones  assumed  a  new  aspect  of 
simplicity  and  generality ;  and  this  was  the  essential  part  of  what 
they  did. 

On  the  other  hand,  I  do  not  think  it  is  too  much  to  say  as  I  have 
ebewhere  said'  that  "  Sir  D.  Brewster^s  optical  experiments  must  have 
led  to  a  classification  of  crystals  into  the  above  systems,  or  something 
neaxfy  equivalent,  even  if  crystals  bad  not  been  so  arranged  by  atten- 
tion to  their  forms.''] 

Many  other  most  curious  trains  of  research  have  confirmed  the 
genenl  truth,  that  the  degree  and  kind  of  geometrical  symmetry  cor- 
raponds  exactly  with  the  symmetry  of  the  optical  properties.  As  an 
iutance  of  this,  eminently  striking  for  its  singularity,  we  may  notice 
&e  discovery  of  Sir  John  Hcrschel,  that  the  plagikedral  crystallization 
^  qioartz,  by  which  it  exhibits  faces  twisted  to  the  right  or  the  left,  is 
^eoompanied  by  right-handed  or  left-handed  circular  polarization  re- 
foctively.  No  one  acquainted  with  the  subject  can  now  doubt,  that 
^  correspondence  of  geometrical  and  optical  symmetry  is  of  the  most 
^niplete  and  fundamental  kind. 

[2nd  Ed.]  [Our  knowledge  with  respect  to  the  positions  of  the  opti- 
^  *Xe8  of  the  oblique  prismatic  crystals  is  still  imperfect  It  appears 
^  «>o  tsccrtained  that,  in  singly  oblique  crystals,  one  of  the  axes  of 
optical  elasticity  coincides  with  the  rectangular  crystallographic  axis. 
**  doubly  oblique  crystals,  one  of  the  axes  of  optical  elasticity  is,  in 
''^^Hy  cases,  coincident  with  the  axis  of  a  principal  zone.  I  believe  no 
'^or©  determinate  laws  have  been  discovered.] 

Thus  the  highest  generalization  at  which  mathematical  crystallogra- 
Phers  have  yet  arrived,  may  be  considered  as  fully  established ;  and 
7^^  science  of  Crystallography,  in  the  condition  in  which  these  place 
^  ^  fit  to  be  employed  as  one  of  the  members  of  Mineralogy,  and  thus 
^  fill  its  appropriate  place  and  office. 


'  PhUowphy  of  the  Inductive  8cienee$,  B.  viii.  C.  ill  Art.  8. 
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CHAPTER  VI.  I 

Correction  of  the  Law  of  the  same  Angle  for  the  same  Sub- 
stance. 

DISCOVERY  OF  Isomorphism.    Mitschkrlich. — The  discovery  of 
which  we  now  have  to  speak  may  appear  at  first  sight  too  lAr]g« 
to  be  included  in  the  history  of  crystallography,  and  may  seem.    t4> 
belong  rather  to  chemistry.    But  it  is  to  be  recollected  that  ciystello 
graphy,  from  the  time  of  its  first  assuming  importance  in  the  h&zids 
of  Hatly,  founded  its  claim  to  notice  entirely  upon  its  connexion  ^vritii 
chemistry ;  crystalline  foms  were  properties  of  somtthing  ;  but  u^h^i 
that  something  was,  and  how  it  might  be  modified  without  becoming 
something  else,  no  crystallographer  could  venture  to  decide,  witboiit 
the  aid  of  chemical  analysis.    Ilatly  had  assumed,  as  the  general  resell* 
of  his  researches,  that  the  same  chemical  elements,  combined  in    "t-l^c 
same  proportions,  would  always  exhibit  the  same  crystalline  form ;  wlT^^ 
reciprocally,  that  the  same  form  and  angles  (except  in  the  obvious  o^*^^ 
of  the  tessular  system,  in  which  the  angles  are  determined  by  itsft^**^ 
the  tessular  system,)  implied  the  same  chemical  constitution.     33 "^^^ 
this  dogma  could  only  be  considered  as  an  approximate  conjecttx^"^*' 
for  there  were  many  glaring  and  unexplained  exceptions  to  it    'TtT*^® 
explanation  of  several  of  these  was  beautifully  described  by  the    ^^  ^*' 
covery  that  there  are  various  elements  which  are  isomorphou^  to  ^^■-^^ 
Other;  that  is,  such  that  one  may  take  the  place  of  another  witlm.^^^^^ 
altering  the  crystalline  form ;  and  thus  the  chemical  composition  r*"^  ^ 
be  much  changed,  while  the  cr}'stallographic  character  is  undisturL:^  ^=^* 
This  truth  had  been  caught  sight  of,  probably  as  a  guess  only^  * 

Fuchs  as  early  as  1815.     In  speaking  of  a  mineral  which  had  b-^^^^ 
called  Gchlenite,  he  says,  "I  hold  the  oxide  of  iron,  not  for  an  es*^^ 
tial  component  part  of  this  genus,  but  only  as  a  vicarious  elemc^  "^^^ 
replacing  so  much  lime.     We  shall  find  it  necessary  to  consider  '^^      ., 
results  of  several  analyses  of  mineral  bodies  in  this  point  of  view,       _ 
we  wish,  on  the  one  hand,  to  bring  them  into  agreement  with  '^>  ^ 
doctrine  of  chemical  proportions,  and  on  the  other,  to  avoid  unnec^'^^^^^ 
sarily  splitting  up  genera.'*     In  a  lecture  On  the  Mutual  Influence   ^ 
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itry  and  MtMralogy^^  he  again  draws  attention  to  his  tenn 
U9  {yiearirende\  which  ondonbtedlj  expresses  the  nature  of  the 
I  law  afterwards  established  by  MifcMherlich  in  1822. 
Fachs*s  conjectaral  expression  was  only  a  prelude  to  Mitscher- 
experimental  discovery  of  isomorphism.  1^11  many  carefol 
es  had  given  substance  and  signification  to  this  conception  of' 
m  elements,  it  was  of  small  value.  Perhaps  no  one  was  more 
e  than  Berzelius  of  turning  to  the  best  advantage  any  ideas 
were  current  in  the  chemical  world;  yet  we  find  him,*  in  1880, 
ig  upon  a  certam  vague  view  of  these  cases, — ^that  ^  oxides 
contain  equal  doses  of  oxygen  must  have  their  general  proper- 
mmon  f  without  tracing  it  to  any  definite  conclusions.  But 
olar,  Mitscherlich,  gave  this  proposition  a  real  crystallographieal 
Thus  he  found  that  the  carbonates  of  lime  (calcspar,)  of 
iia,  of  protoxide  of  iron,  and  of  protoxide  of  manganese,  agree 
y  respects  of  form,  while  the  homologous  angles  vary  throu^ 
two  degrees  only ;  so  again  the  carbonates  of  baryta,  strontia, 
ad  lime  (arragonito),  agree  nearly ;  the  different  kinds  of  felspar 
ily  by  the  substitution  of  one  alkali  for  another ;  the  phosphates 
lost  identical  with  the  arseniates  of  several  bases.  These,  and 
results,  were  expressed  by  saying  that,  in  such  cases,  the 
lime,  protoxide  of  iron,  and  the  rest,  are  isamorphous  ;  or  in 
ter  instance,  that  the  arsenic  and  phosphoric  acids  are  isomor- 

e,  in  some  of  these  cases,  the  substitution  of  one  element  of  the 
phous  group  for  another  does  alter  the  angle,  though  slightly,  it 
,ce  been  proposed  to  call  such  groups  plesiomorphous, 
\  discovery  of  isomorphism  was  of  great  importance,  and  excited 
attention  among  the  chemists  of  Europe.  The  history  of  its 
on,  however,  belongs,  in  part,  to  the  classification  of  minerals ; 
effect  was  immediately  to  metamorphose  tha  existing  chemical 
8  of  arrangement  But  even  those  crystallographers  and  chemists 
wed  little  for  general  systems  of  classification,  received  a  pow- 
npulse  by  the  expectation,  which  was  now  excited,  of  discover- 
inite  laws  connecting  chemical  constitution  with  crystalline  form, 
nvestigations  were  soon  carried  on  with  great  activity.  Thus, 
eccnt  period,  Abich  analysed  a  number  of  tessular  minerals, 
e,  pleonaste,  gahnite,  franklinite,  and  chromic  iron  oxide ;   and 
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aeems  to  have  had  some  succesB  in  given  a  common  typ 
chemical  formule,  as  there  is  a  conmion  typo  in  their  crysti 

[2nd  Ed.]    [It  wiU  be  seen  by  the  above  account  that  Fr 
eriich's  merit  in  the  great  discovery  of  Isomorphism  is  not 
rowed  by  the  previous  conjectures  of  M.  Fachs.    I  am  infori 
over,  that  M.  Fachs  afterwards  (in  Schweigger's  Journal)  vtA 
opinions  he  had  put  forward  on  this  subject] 

Dimorphitm. — ^My  business  is^  to  point  out  the  connec 
which  have  been  obtained  by  philosophers,  rather  than  ins 
Acuities  which  still  stand  out  to  perplex  them.  I  need  not 
dwell  on  the  curious  cases  of  dimorphism;  cases  in  which 
definite  chemical  compound  of  the  same  elements  appears  ti 
different  forms;  thus  the  carbonate  of  lime  has  two  fom 
and  arragonite^  which  belong  to  different  systems  of  cryi 
Such  &ct8  may  puzzle  us ;  but  they  hardly  interfere  with  ai 
general  truths,  because  we  have  as  yet  no  truths  of  very  1 
respecting  the  connexion  of  chemical  constitution  and  cryati 
Dimorphism  does  not  interfere  with  isomorphism ;  the  twc 
&cts  stand  at  the  same  stage  of  inductive  generalization,  ai 
for  some  higher  truth  which  shall  include  both,  and  rise  ab 

[2nd  Ed.]  [For  additions  to  our  knowledge  of  the  Dim< 
Bodies,  see  Professor  Johnstone's  valuable  Beport  on  that  su] 
Beporis  of  the  British  Association  for  1837.  Substances 
been  found  which  are  trimorphous.  We  owe  to  Professor  lul 
the  discovery  of  dimorphism,  as  well  as  of  isomorphism :  \ 
also  we  owe  the  greater  part  of  the  knowledge  to  which  i 
veries  have  led.] 


CHAPTER  VII. 

ATTBiiPTB  TO  Establish  thb  Fizitt  of  other  Physioa 
TIES. — Werner. 

rnHE  reflections  from  which  it  appeared,  (at  the  end  ( 
-^  Book,)  that  in  order  to  obtain  general  knowledge 
bodies,  we  must' give  scientific  fixity  to  our  appreciation  oi 
perties,  applies  to  their  other  properties  as  well  as  to  their 
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(oTtn.  And  though  none  of  the  other  properties  have  yet  been 
referred  to  standards  so  definite  as  that  which  geometry  supplies  for 
crystals,  a  system  has  been  introduced  which  makes  their  measures 
fiur  more  constant  and  precise  than  they  are  to  a  common  undisciplined 
flense.  ^ 

The  author  of  this  system  was  Abraham  Gottlob  Werner,  who  had 
been  educated  in  the  institutions  which  the  Elector  of  Saxony  had 
established  at  the  mines  of  Freiberg.     Of  an  exact  and  methodical 
intellect,  and  of  great  acutencss  of  the  senses,  Werner  was  well  fitted 
for  the  task  of  giving  fixity  to  the  appreciation  of  outward  impressions; 
and  this  he  attempted  in  his  Dissertation  on  the  external  Characters 
of  ^ossils^  which  was  published  at  Leipzig  in  1774.     Of  the  precision 
of  Ids  estimation  of  such  characters,  wc  may  judge  from  the  following 
•tory,  told  by  his  biographer  Frisch.*     One  of  his  companions  had 
received  a  quantity  of  pieces  of  amber,  and  was  relating  to  Werner, 
then  very  young,  that  he  had  found  in  the  lot  one  piece  from  which 
be  could  extract  no  signs  of  electricity.     Werner  requested  to  be 
allowed  to  put  his  hand  in  the  bag  which  contained  these  pieces,  and 
iDunediately  drew  out  the  unelectrical  piece.     It  was  yellow  chalce- 
dony, which  is  distinguishable  from  amber  by  its  weight  and  coldness^ 
The  principal  external  characters  which  were  subjected  by  Werner 
to  a  systematic  examination  were  color,  lustre,  hardness,  and  specific 
^vity.    His  subdivisions  of  the  first  character  {Color\  were  very 
numerous ;  yet  it  cannot  be  doubted  that  if  we  recollect  them  by  the 
®yc,  and  not  by  their  names,  they  are  definite  and  valuable  characters, 
^^  especially  the  metallic  colors.     Breithaupt,  merely  by  the  aid  of 
^"^  character,  distinguished  two  new  compounds  among  the  small 
S^'^ns  found  along  with  the  grains  of  platinum,  and  usually  con- 
founded with  them.     The  kinds  of  Lustre^  namely,  glassy,  fatty ^  ada- 
^^^^iinej  metallic,  are,  when  used  in  the  same  manner,  equally  valu- 
^"*^-      Specific  Gravity  obviously  admits  of  a  numerical  measure ;  and 
toe  Jiardness  of  a  mineral  was  pretty  exactly  defined  by  the  sub- 
stances which  it  would  scratch,  and  bv  which  it  was  capable  of  being 
scratched. 

Werner  soon  acquired  a  reputation  as  a  mineralogist,  which  drew 
P^^'sons  from  every  part  of  Europe  to  Freiberg  in  order  to  hear  his 
ectures;  and  thus  diffused  very  widely  his  mode  of  employing 
^^''Oal  characters.     It  was,  indeed,  impossible  to  attend  so  closely  to 


*   Werner't  Leben,  p.  26. 
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these  characters  as  the  Wemerian  method  required,  without  finding 
that  they  were  more  distinctive  than  might  at  first  sight  be  imagined ; 
and  the  analogy  which  this  mode  of  studying  Mineralogy  established 
between  that  and  other  branches  of  Natural  History,  recommended  the 
method  to  those  in  whom  a  general  inclination  to  such  studies  was 
excited.    Thus  Professor  Jameson  of  Edinburgh,  who  had  been  one 
of  the  pupils  of  Werner  at  Freiberg,  not  only  published  works  in 
which  he  promulgated  the  mineralogical  doctrines  of  his  master,  but 
established  in  Edinburgh  a  ^'  Wemerian  Society,''  having  for  its  object 
the  general  cultivation  of  Natural  History. 

Werner's  standards  and  nomenclature  of  external  characters  wer  ^ 
somewhat  modified  by  Mobs,  who,  with  the  same  kinds  of  tilents  ai^  ^ 
views,  succeeded  him  at  Freiberg.  Mohs  reduced  hardness  to  nume^^ri- 
cal  measure  by  selecting  ten  known  minerals,  each  harder  than  t^e 
other  in  order,  from  talc  to  corundum  and  diamond,  and  by  makix^ 
the  place  which  these  minerals  occupy  in  the  list,  the  numerical  xx^ea^ 
sure  of  the  hardness  of  those  which  arc  compared  with  them.  Tlit 
result  of  the  application  of  this  fixed  measurement  and  nomenclatrure 
of  external  characters  will  appear  in  the  History  of  Classification,  tD 
which  we  now  proceed. 
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CHAPTER  Vni. 
Attbmfts  at  thb  Classification  of  Minerals. 


Sect,  1. — Proper  object  of  Classification. 

J»HE  fixity  of  the  crystalline  and  other  physical  properties  of  mine- 

"*"  rals  IS  turned  to  account  by  being  made  the  means  of  classifying 

■'ich  objects.    To  use  the  language  of  Aristotle/  Classification  is  the 

^'^hiUcUmie  science,  to  which  Crystallography  and  the  Doctrine  of 

®^mal  Characters  are  subordinate  and  ministerial,  as  the  art  of  the 

wctlayer  and  carpenter  are  to  that  of  the  architect     But  classification 

'^If  is  useful  only  as  subservient  to  an  ulterior  science,  which  shall 

TOTiish  Tis  with  knowledge  concerning  things  so  classified.    To  classify 

"s  to  divide  and  to  name ;  and  the  value  of  the  Divisions  which  we 

"ius  make,  and  of  the  names  which  we  give  them,  is  this ; — that  they 

'^^der  exact  knowledge  and  general  propositions  possible.     Now  the 

wowledge  which  we  principally  seek  concerning  minerals  is  a  know- 

'edgc  of  their  chemical  composition  ;  the  general  propositions  to  which 

^®  Jiope  to  be  led  are  such  as  assert  relations  between  their  intimate 

^'istitation  and  their  external   attributes.     Thus  our  Mineralogical 

^classification  must  always  have  an  eye  turned  towards  Chemistry.     We 

^^^not  get  rid  of  the  fundamentiil   conviction,  that  the   elementary 

^'JJposition  of  bodies,  since  it  fixes  their  essence,  must  determine 

^^•P  properties.      Hence   all   mineralogical   arrangements,  whether 

|"^y  profess  it  or  not,  must  be,  in  effect,  chemical ;  they  must  have 

't  for  their  object  to  bring  into  view  a  set  of  relations,  which,  what- 

^^er  else  they  may  be,  are  at  least  chemical   relations.     We  may 

t^n  with  the  outside,  but  it  is  only  in  order  to  reach  the  inner  struc 
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tare.  We  may  classify  without  reference  to  chemistry ;  but  if  w^ 
so,  it  is  only  that  we  may  assert  chemical  propositions  with  refere 
to  our  classification. 

But,  as  we  have  alrea3y  attempted  to  show,  we  not  only  may^,  1 
we  must  classify,  by  other  than  chemical  characters,  in  order  to 
able  to  make  our  classification  the  basis  of  chemical  knowledge, 
order  to  assert  chemical  truths  concerning  bodies,  we  must  have  i 
bodies  known  by  some  tests  not  chemical.  The  chemist  cannot  as» 
that  Arragonite  does  or  does  not  contain  Strontia,  except  the  mil 
ralogist  can  tell  him  whether  any  given  specimen  is  or  is  not  Arra^oni 
K  chemistry  be  called  upon  to  supply  the  definitions  as  well  as  t 
doctrines  of  mineralogy,  the  science  can  only  consist  of  identical  pi 
positions. 

Yet  chemistry  has  been  much  employed  in  mineralogical  classiiSc 
tions,  and,  it  is  generally  believed,  with  advantage  to  the^scieno 
How  is  this  consistent  with  what  has  been  said  ? 

To  this  the  answer  is,  that  when  this  has  been  done  with  advantag 
the  authority  of  external  characters,  as  well  as  of  chemical  constitutio 
has  really  been  brought  into  play.  We  have  two  sets  of  properties  1 
compare,  chemical  and  physical ;  to  exhibit  the  connexion  of  these 
the  object  of  scientific  mineralogy.  And  though  this  connexion  wool 
be  most  distinctly  asserted,  if  we  could  keep  the  two  sets  of  property 
distinct,  yet  it  may  be  brought  into  view  in  a  great  degree,  by  classil 
cations  in  which  both  are  referred  to  as  guides.  Since  tlie  govemiiQ 
principle  of  the  attempts  at  classification  is  the  conviction  that  tJ 
chemical  constitution  and  the  physical  properties  have  a  definite  re* 
tion  to  each  other,  we  appear  entitled  to  use  both  kinds  of  evidci^^ 
in  proportion  as  we  can  best  obtain  each  ;  and  then  the  general  oc 
sistency  and  convenience  of  our  system  will  be  the  security  for  its  c< 
taining  substantial  knowledge,  though  tliis  be  not  presented  in  a  nff 
ously  logical  or  systematic  form. 

Such  mixed  systems  of  classification,  resting  partly  on  chemical-  ^ 
partly  on  physical  characters,  naturally  appeared  as  the  eat"* 
attempts  in  this  way,  before  the  two  members  of  the  subject  had  *^ 
clearly  separated  in  men's  minds ;  and  these  systems,  therefor^* 
must  first  give  an  account  of. 

Sect,  2. — Mixed  Si/ stems  of  Class ificatiofi. 

Early  Systems, — The  first  attempts  at  classifying  minerals  went  ^ 
the   ground  of  those  differences  of  general  aspect  which  had 
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imed  in  the  fonoation  of  common  langnage ;  as  ear^  sUmei^ 
i.  Bat  snch  arrangements  were  manifestly  vagae  and  confoaed ; 
rlien  chemistry  had  advanced  to  power  and  honor,  her  aid  was 
sUj  called  in  to  introduce  a  better  order.    **  Blame  and  Bromell 

as  fiir  as  I  know,**  says*  Cionstedt,  ^the  first  who  founded  any 
"al  system  npon  chemical  principles ;  to  them  we  owe  the  three 
n  divisions  of  the  most  simple  mineral  bodies ;  viz^  the  ealcarei^ 
centeSj  and  apyri,^  Bat  'Cronstedt's  own  I^ssay  (awards  a  Sfs- 
f  Mvneralogy^  published  in  Swedish  in  1758,  had  perhaps  more 
nee  than  any  other,  upon  succeeding  systems.  In  this,  the  dis^ 
on  of  earths  and  stones,  and  also  of  vitrescent  and  non-vitreseent 
B  (apyrt),  is  rejected.    The  earths  are  classed  as  ca/careotc«,  iilir 

crgillaeeouM^  and  the  like.  Again,  calcareous  earth  is  pure  {eale 
,  or  united  with  acid  of  vitriol  {^yptum)^  or  united  with  the  mori* 
cid  (iol  ammoniae)y  and  the  like.  It  is  easy  to  see  that  this  is 
lethod,  which,  in  its  general  principle,' has  been  continued  to  oor 
ime.  In  such  methods,  it  is  supposed  that  we  can  recognize  the 
ince  by  its  general  appearance,  and  on  this  assumption,  its  place 
i  system  conveys  to  us  chemical  knowledge  concerning  it. 
t  as  the  other  branches  of  Natural  History,  and  especially  Botany, 
led  a  systematic  form,  many  mineralogists  became  dissatisfied 
this  casual  and  superficial  mode  of  taking  account  of  external  ^ 
cters;  they  became  convinced,  that  in  Mineralogy  as  in  other 
268,  classification  must  have  its  system  and  its  rules.  The  views 
I  Werner  ascribes  to  his  teacher,  Pabst  van  Ohain,*  show  the  rise 
ose  opinions  which  led  through  Werner  to  Mohs :  "  He  was  of 
on  that  a  natural  mineral  system  must  be  constructed  by  chemical 
minations,  and  external  characters  at  the  same  time  {methodus 
i) ;  but  that  along  with  this,  mineralogists  ought  also  to  construct 
employ  what  he  called  an  artificial  system,  which  might  serve  ns 
^de  {loco  indicis)  how  to  introduce  newly-discovered  fossils  into 
»ystem,  and  how  to  find  easily  and  quickly  those  already  known 
ntroduced/'  Such  an  artificial  system,  containing  not  the  grounds 
aasification,  but  marks  for  recognition,  was  afterwards  attempted 
Lohs,  and  termed  by  him  the  Characteristic  of  his  system. 
"erner^s  System, — But,  in  the  mean  time,  Werner's  classification 
in  extensive  reign,  and  this  was  still  a  mixed  system.  Werner 
*I^  indeed,  never  published  a  system  of  mineralogy.     "  We  might 
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almost  imagine,'^  Cuvicr  says,*  "  that  when  he  had  produced  his  nomen- 
clature of  external  characters,  he  was  affrighted  with  his  own  creation; 
and  that  the  reason  of  his  writing  so  little  after  his  first  essay,  was  to 
avoid  the  shackles  whicb  he  had  imposed  upon  others."     His  sjBtem 
was,  indeed,  made  known  both  in  and  out  of  Germany,  by  hia  pupils; 
but  in  consequence  of  Werner's  unwillingness  to  give  it  on  his  om 
authority,  it  assumed,  in  its  published  forms,  the  appearance  of  a^^ 
extorted  secret  imperfectly  told.    A  Notice  of  the  Mineralogical  (klh-^^ 
net  of  Mine-Director  Pahst  von  Okain,  was,  in  1792,  published  k^y 
Karsten  and  Hoffman,  under  Wemer^s  direction ;  and  conveyed  "\>j 
example,  his  views  of  mineralogical  arrangement ;  and*  in  1810  liis 
Doctrine  of  Classification  was  surreptitiously  copied  from  his  maam- 
script,  and  published  in  a  German  Journal,  termed  The  Hesperus.     Sot 
it  was  only  in  1817,  after  his  death,  that  there  appeared  TFrnitt^*  JjoU 
Mineral  System,  edited  from  his  papers  by  Breithaupt  and  E&liler: 
and  by  this  time,  as  we  shall  soon  see,  other  systems  were  coming 
forwards  on  the  stage. 

A  very  slight  notice  of  Werner's  arrangement  will  suflScc  to  show 
that  it  was,  as  wo  have  termed  it,  a  Mixed  System.  He  makes  ^oia 
great  Classes  of  fossils.  Earthy,  Saline,  Combustible,  Metallic  '  t^® 
earthy  fossils  are  in  eight  Genera — Diamond,  Zircon,  Silica,  Alarxiin«» 
(.Talc,  Lime,  Barj-ta,  Hallites.  It  is  clear  that  these  genera  are  i»  ^^ 
main  chemical,  for  chemistry  alone  can  definitely  distinguish  the  dif- 
ferent Earths  which  characterize  them.  Yet  the  Wernerian  arrsng®* 
ment  supposed  the  distinctions  to  be  practically  made  by  reference  to 
those  external  characters  which  the  teacher  himself  could  employ  W'l «» 
such  surpassing  skill.  And  though  it  cannot  be  doubted,  that  "^^ 
chemical  views  which  prevailed  around  him  had  a  latent  influence  ^* 
his  classification  in  some  cases,  he  resolutely  refused  to  bend  his  sy"***^ 


to  the  authority  of  chemistry.     Thus,"  when  he  was  blamed  for  havifl^^^' 
in  opposition  to  the  chemists,  plf^ied  diamond  among  the  earthy  fossi^^^ 
he  persisted  in  declaring  that,  mineralogically  considered,  it  was 
stone,  and  could  not  be  treated  as  anything  else. 

This  was  an  indication  to  that  tendency,  which,  under  his  succesaor^^^ 
led  to  a  complete  separation  of  the  two  grounds  of  classification.    But 
before  we  proceed  to  this,  we  must  notice  what  was  doing  at  this 
period  in  other  parts  of  Europe. 

Haily*s  System. — ^Though  Werner,  on  his  own  principles,  ought  to 
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We  been  the  first  person  to  see  the  immense  value  of  the  most  marked 
of  external  characters,  crystalline  form,  he  did  not,  in  fact,  attach  much 
importance  to  it  Perhaps  he  vrss  in  some  measure  fascinated  by  a 
£nkdiies6  for  those  characters  which  he  had  himself  systematized,  and 
the  stady  of  which  did  not  direct  him  to  look  for  geometrical  relations. 
However  this  may  be,  the  glory  of  giving  to  Crystallography  its  just 
importance  in  Mineralogy  is  due  to  France  :  and  the  Treatise  of  HaUy, 
published  in  1801,  is  the  basis  of  the  best  succeeding  works  of  minera- 
k^y.  In  this  work,  the  arrangement  is  professedly  chemical ;  and  the 
daasification  thus  established  is  employed  as  the  means  of  enunciating 
erjBtallographic  and  other  properties.  "  The  principal  object  of  this 
Treatise,"  says  the  author,'  "  is  the  exposition  and  development  of  a 
method  founded  on  certain  principles,  which  may  serve  as  a  frame- 
work for  all  the  knowledge  which  Mineralogy  can  supply,  aided  by 
the  different  sciences  which  can  join  hands  with  her  and  march  on  the 
SMne  line.  It  is  worthy  of  notice,  as  characteristic  of  this  period  of 
Mixed  Systems,  that  the  classification  of  Hatty,  though  founded  on 
principles  so  different  from  the  Werncrian  ones,  deviates  little  from 
rt  in  the  general  character  of  the  divisions.  Thus,  the  first  Order  of 
^  first  Class  of  IlaQy  is  Acidifcrous  Earthy  Substances ;  the  first 
8^008  is  Lime  ;  the  species  are,  Carbonate  of  Lime^  Phosphate  of  Lime, 
^^^tatc  of  Lime^  Sulphate  of  Lime^  and  so  on. 

Other  Systems, — Such  mLxed  methods  were  introduced  also  into 
"lis  country,  and  have  prevailed,  we  may  say,  up  to  the  present  time, 
■"^o  Mineralogy  of  William  Phillips,  which  was  published  in  1824, 
*^d  -which  was  an  extraordinary  treasure  of  crystallographic  facts,  was 
arranged  by  such  a  mixed  system ;  that  is,  by  a  system  professedly 
chemical ;  but,  inasmuch  as  a  rigid  chemical  system  is  impossible,  and 
tne  assumption  of  such  a  one  leads  into  glaring  absurdities,  the  system 
^^  in  this  and  other  attempts  of  the  same  kind,  corrected  by  the 
^ost  arbitrary  and  lax  application  of  other  considerations. 

^^  is  a  curious  example  of  the  difference  of  national  intellectual  cha- 
'^^t^^r,  that  the  manifest  inconsistencies  of  the  prevalent  systems, 
^"^ch  led  in  Germany,  as  we  shall  see,  to  bold  and  sweeping  attempts 
*^*'^fonn,  produced  in  England  a  sort  of  contemptuous  despair  with 
^^S^rd  to  systems  in  general ; —  a  belief  that  no  system  could  be  con- 
i^tent  or  useful ; — and  a  persuasion  that  the  only  valuable  knowledge 
»  the  accumulation  of  particular  facts.    Tliis  is  not  the  place  to 
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explain  how  erroneous  and  unphilosophical  such  an  opinion  is.      "^^mt 
wo  may  notice  that  while  such  a  temper  prevails  among  us,  our  ^Imce 
in  this  science  can  never  be  found  in  advance  of  that  position  irliiol 
we  are  now  considering  as  exemplified  in  the  period  of  Werner  and 
Hatiy.    So  long  as  we  entertain  such  views  respecting  the  objects  of 
Mineralogy,  we  can  have  no  share  in  the  fortunes  of  the  succeediiig 
period  of  its  histor}',  to  which  I  now  proceed. 


CHAPTER  IX. 

Attempts  at  the  Reform  of  Mineralogical  Ststsms. — SxPii^ — ^' 
TioN  of  the  Chemical  and  Natural  History  Methods. 


Sect,  1. — Natural  History  System  of  Mohs, 

THE  chemical  prfnciplc  of  classification,  if  pursued  at  random,  as  '         '** 
the  cases  just  spoken  of,  loads  to  results  at  which  a  philosophic^^^ 
spirit  revolts ;  it  separates  widely  substances  which  are  not  distinguisir^'-*"' 
able ;  joins  together  bodies  the  most  dissimilar ;  and  in  hardly  ar::^*^? 
instance  does  it  bring  any  truth  into  view.     The  vices  of  classification     ^"* 
like  that  of  Haiiy  could  not  long  be  concealed ;  but  even  before  tin 
had  exposed  the  weakness  of  his  system,  Ilaiiy  himself  had  pointed  oi 
clearly  and  without  reserve,*  that  a  chemical  system  is  only  ore  a        ^^ 
of  the  subject,  and  supposes,  as  its  counterpart,  a  science  of  extertrrr^a/ 
characters.     In  the  mean  time,  the  Wernerians  were  becoming  mczn^re 
and  more  in  love  with  the  form  which  they  had  given  to  such  a  scien—  ^ce. 
Indeed,  the  expcrtness  which  Werner  and  his  scholars  acquired  in  fc-Tie 
use  of  external  characters,  justified  some  partiality  for  them.    Ifc-  ^ 
related  of  him,'  that,  by  looking  at  a  piece  of  iron-ore,  and  poisinS"   ^ 
in  his  hand,  he  was  able  to  tell,  almost  precisely,  the  proportion  of  j^ta* 
metal  which  it  contained.     And  in  the  last  year  of  his  life,'  he  l>a^ 
marked  out,  as  the  employment  of  the  ensuing  winter,  the  study  of  ^^ 
system  of  Berzelius,  with  a  view  to  find  out  the  laws  of  combinatio'*^  ** 
disclosed  by  external  characters.     In  the  same  spirit,  his  pupil  pr^^^ 
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'  attempted  to  discover  the  ingredients  of  minerals  by  their 
uities  of  crystallization.  The  persuasion  that  there  must  be  some 
rion  between  composition  and  properties,  transformed  itself,  in 
oinds,  into  a  belief  that  they  could  seize  the  nature  of  the  con- 
.  by  a  sort  of  instinct 

i  opinion  of  the  independency  of  the  science  of  external  charac- 
.nd  of  its  sufficiency  for  its  own  object,  at  last  assumed  its 
;te  form  in  the  bold  attempt  to  construct  a  system  which  should 
r  nothing  from  chemistry.  This  attempt  was  made  by  Frederick 
who  had  been  the  pupil  of  Werner,  and  was  afterwards  his  sue- 
in  the  school  of  Freiberg ;  and  who,  by  the  acute  and  methodical 
tcr  of  his  intellect,  and  by  his  intimate  knowledge  of  minerals, 
jrthy  of  his  predecessor.  Rejecting  altogether  all  divisions  of 
the  import  was  chemical,  Mohs  turned  for  guidance,  or  at  least 
e  light  of  analogy,  to  botany.  His  object  was  to  construct  a 
al  St/stem  of  mineralog}\  What  the  conditions  and  advantages 
itural  system  of  any  province  of  nature  arc,  we  must  delay  to 
1  till  we  have  before  us,  in  botany,  a  more  luminous  example  of 
scheme.  But  further ;  in  mineralogy,  as  in  botany,  besides  the 
il  System,  by  which  we  for?n  our  classes,  it  is  necessary  to  have 
iific{<il  System,  by  which  we  recor/nize  them  ; — a  principle  which, 
ie  seen,  had  already  taken  root  in  the  school  of  Freiberg.  Such 
ificial  system  Mohs  produced  in  his  Characteristic  of  the  Mineral 
om,  which  was  published  at  Dresden  in  1820 ;  and  which,  though 
ling  only  to  a  few  pages,  excited  a  strong  interest  in  Germany, 
men's  minds  were  prepared  to  interpret  the  full  import  of  such 
i.  Some  of  the  traits  of  such  a  "  Characteristic  "  had,  indeed, 
)reviously  drawn  by  others ;  as  for  example,  by  Hatty,  who  nojiices 
ach  of  his  Classes  has  peculiar  characters.  For  instance,  his  First 
(acidiferous  substances,)  alone  possesses  these  combinations  of 
ties ;  "  division  into  a  regular  octoliedron,  without  being  able  to 
1  glass  ;  specific  gravity  above  3'o,  without  being  able  to  scratch 
Tlie  extension  of  such  characters  into  a  scheme  which  should 
it  the  whole  mineral  kingdom,  was  the  undertaking  of  Mohs. 
h  a  collection  of  marks  of  classes,  implied  a  classification  pre- 
jr  established,  and  accordingly,  Mohs  had  created  his  own  mineral 
1.  His  aim  was  to  constnict  it,  as  we  shall  hereailer  see  that 
natural  systems  are  constructed,  by  taking  into  account  all  the 
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resemblances  and  differences  of  the  objects  classified.  It  is  obTioi 
that  to  execute  such  a  work,  implied  a  most  intimate  and  oniveiBi 
acquaintance  with  minerals ; — a  power  of  combining  in  one  vivid  nx 
vey  the  whole  mineral  kingdom.  To  illustrate  the  spirit  in  wUb 
Professor  Mohs  performed  his  task,  I  hope  I  may  be  allowed  to  reft 
to  my  own  intercourse  with  him.  At  an  early  period  of  my  miiM 
ralogical  studies,  when  the  very  conception  of  a  Natural  System  wa 
new  to  me,  he,  with  great  kindliness  of  temper,  allowed  me  habitual)! 
to  propose  to  him  the  scruples  which  arose  in  my  mind,  before  I  conk 
admit  principles  which  appeared  to  me  then  so  vague  and  indefinite 
and  answered  my  objections  with  great  patience  and  most  instmctiv 
clearness.  Among  other  diflSculties,  I  one  day  propounded  to  ha 
this ; — "  You  have  published  a  Treatise  on  Mineralogy,  in  which  yo 
have  described  all  the  important  properties  of  all  known  minoal 
On  your  principles,  then,  it  ought  to  be  possible,  merely  by  knowii 
the  descriptions  in  your  book,  and  without  seeing  any  minerals,  to  c0 
struct  a  natural  system ;  and  this  natural  system  ought  to  turn  o 
identical  with  that  which  you  have  produced,  by  so  careful  an  exa0 
nation  of  the  minerals  themselves."  lie  pondered  a  moment,  and  tb 
he  answered,  "  It  is  true ;  but  what  an  enormous  imaginati 
{einbildungskraft,  power  of  inward  imagining),  a  man  must  have  i 
such  a  work ! "  Vividness  of  conception  of  sensible  properties,  • 
the  steady  intuition  (anschauung)  of  objects,  were  deemed  by  hiiii,ft 
by  the  Wcrncrian  school  in  general,  to  be  the  most  essential  conditk 
of  complete  knowledge. 

It  is  not  necessary  to  describe  Mohs's  system  in  detail ;  it  may  m 
ficicntly  indicate  its  form  to  state  that  the  following  substances,  sc 
as  I  before  gave  as  examples  of  other  arrangements,  calcspar,  gj 
sum,  fluor  spar,  apatite,  heavy  spar,  are  by  Mohs  termed  respective 
Rhomhohedral  Lime  JIaloide,  Gyps  Haloide,  Octohedral  Fh 
ITaloide,  Rhomhohedral  Fluor  Haloide,  Prismatic  Hal  Bart 
These  substances  are  thus  referred  to  the  Orders  Ilaloide,  and  Baiy 
to  Genera  Lime  Haloidc,  Fluor  Ilaloide,  Hal  Baryte ;  and  the  Spu 
is  an  additional  particularization. 

Mohs  not  only  aimed  at  framing  such  a  system,  but  was  also  am 
tious  of  giving  to  all  minerals  Names  which  should  accord  with  i 
system.  This  design  was  too  bold  to  succeed.  It  is  true,  that  a  n 
nomenclature  was  much  needed  in  mineralogy  :  it  is  true,  too,  thai 
was  reasonable  to  expect,  from  an  improved  classification,  an  improi 
nomenclature,  such  as  had  been  so  happily  obtained  in  botany  by  1 
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nfaim  of  lannseufl.  But  besides  the  defects  of  Mohs^s  system,  he  had 
not  prepared  his  verbal  novelties  with  the  temperance  and  skill  of  the 
gmt  botanical  reformer.  He  called  upon  mineralogists  to  change  the 
name  of  ahnost  every  mineral  with  which  they  were  acquainted ;  and 
the  proposed  appellations  were  mostly  of  a  cumbrous  form,  as  the 
abo?6  eiample  may  serve  to  show.  Such  names  could  have  obtained 
gneral  carrency,  only  after  a  general  and  complete  acceptance  of  the 
tyikm]  and  the  system  did  not  possess,  in  a  sufficient  degree,  that 
efidence  which  alone  could  gain  it  a  home  in  the  belief  of  philoso- 
piMn,— the  coincidence  of  its  results  with  those  of  Chemistry.  But 
befaie  I  speak  finally  of  the  fortunes  of  the  Natural-history  System,  I 
vill  my  something  of  the  other  attempt  which  was  made  about  the 
widtiine  to  introduce  a  Reform  into  Mineralogy  from  the  opposite 
otnmity  of  the  science. 

Sect  2. — Chemical  System  of  Berzelius  and  others, 

fr  the  students  of  external  cliaractcrs  were  satisfied  of  the  inde- 
peideQce  of  their  method,  the  chemical  analysts  were  naturally  no 
^  confident  of  the  legitimate  supremacy  of  their  principles :  and 
when  the  beginning  of  the  present  century  had  been  distinguished  by 
tile  establishment  of  the  theory  of  definite  proportions,  and  by  dis- 
•'^^ries  which  pointed  to  the  electro-chemical  theory,  it  could  not 
■B>ear  presumption  to  suppose,  that  the  classification  of  bodies,  so  far 
**  it  depended  on  chemistry,  might  be  presented  in  a  form  more  com- 
P*^  ind  scientific  than  at  any  previous  time. 

The  attempt  to  do  this  was  made  by  the  great  Swedish  chemist 
''*eob  Berzelius.  In  1816,  he  published  his  Essay  to  establish  a 
Partly  Scientific  System  of  Mineralogy y  by  means  of  the  Application 
^f  the  Electro-chemical  Theory  and  the  Chemical  Doctrine  of  Defi- 
***^  Proportions,  It  is  manifest  that,  for  minerals  which  are  consti- 
tuted by  the  law  of  Definite  Proportions,  this  constitution  must  be  a 
^^  essential  part  of  their  character.  The  electro- chemical  theory 
*as  called  in  aid,  in  addition  to  the  composition,  because,  distinguish- 
^^K  the  elements  of  all  compounds  as  electro-positive  and  electro- 
^^ative,  and  giving  to  every  element  a  place  in  a  series,  and  a  place 
^^ed  by  the  degree  of  these  relations,  it  seemed  to  afford  a  rigorous 
*^d  complete  principle  of  arrangement.  Accordingly,  Berzelius,  in 
^  Rrst  System,  arranged  minerals  according  to  their  electro-positive 
^^ment,  and  the  elements  according  to  their  electro-positive  rank ; 
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and  supposed  that  he  had  thus  removed  all  that  was  arbitrary  an 
vague  in  the  previous  chemical  systems  of  mineralogy. 

Though  the  attempt  appeared  so  well  justified  by  the  state  of  ch. 
mica!  science,  and  was  so  plausible  in  its  principle,  it  was  not  loc 
before  events  showed  that  there  was  some  fallacy  in  these  specioi 
appearances.  In  1820,  Mitscherlich  discovered  Isomorphism:  bytk 
discovery  it  appeared  that  bodies  containing  very  different  electr 
positive  elements  could  not  be  distinguished  from  each  other ;  it  wj 
impossible,  therefore,  to  put  them  in  distant  portions  of  the  classifiG 
tion ; — and  thus  the  first  system  of  Berzelius  crumbled  to  pieces. 

But  Berzelius  did  not  so  easily  resign  his  project  With  the  mo 
unhesitating  confession  of  his  first  failure,  but  with  undaunted  coung 
he  again  girded  himself  to  the  task  of  rebuilding  his  edifice.  Defeaftc 
at  the  electro-positive  position,  ho  now  resolved  to  make  a  stand  attl 
electro-negative  element.  In  1824,  he  published  in  the  Transactioi 
of  the  Swedish  Academy,  a  Memoir  On  the  Alterations  in  the  Chem 
cal  Mineral  System^  which  necessarily  follow  from  the  Properi 
exhibited  by  Isomorphous  Bodies,  of  replacing  each  other  in  gv9i 
Proportions,  The  alteration  was,  in  fact,  an  inversion  of  the  systoi 
with  an  attempt  still  to  preserve  the  electro-chemical  principle  < 
arrangement.  Thus,  instead  of  arranging  metallic  minerals  accordii 
to  the  rnctal^  under  iron,  copper,  d:c.,  all  the  sulphurets  were  claaK 
together,  all  the  oxides  together,  all  the  sulphates  together,  and  so 
other  respects.  That  such  an  order  was  a  great  improvement  on  tl 
preceding  one,  cannot  be  doubted ;  but  we  shall  see,  I  think,  that  wM 
strict  scientific  system  it  was  not  successful.  The  discovery  of  isoni* 
phism,  however,  naturally  led  to  such  attempts.  Thus  Gmelin  also* 
1825,  published  a  mineral  system,*  which,  like  that  of  Berzeli'' 
founded  its  leading  distinctions  on  the  electro-negative,  or,  as  it  ^ 
sometimes  termed,  the  formative  element  of  bodies;  and,  besides  tfc 
took  account  of  the  numbers  of  atoms  or  proportions  which  appear 
the  composition  of  the  body ;  distinguishing,  for  instance,  Silicates, 
simple  silicates,  double  silicates,  and  so  on,  to  quintuple  silicate  (P^ 
stein)  and  sextuple  silicate  (Perlsteiri),  In  like  manner,  Nordenski* 
devised  a  system  resting  on  the  same  bases,  taking  into  account  e^ 
the  crystalline  fonn.  In  1824,  Bcudant  published  his  Traite  Elefm> 
taire  de  Mineraloyie,  in  which  he  professes  to  found  his  arrangem^ 
on  the  electro-negative  element,  and  on  Ampere's  circular  amxmi 
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ment  of  elementaiy  substances.  Such  sclicnies  exhibit  rather  a  play 
of  the  mere  logical  faculty,  exercising  itself  on  assumed  principles, 
than  any  attempt  at  the  real  interpretation  of  nature.  Other  such 
pme  chemical  systems  may  have  been  published,  but  it  is  not  neces- 
«ry  to  accumulate  instances.     I  proceed  to  consider  their  result 

I 

Sect,  3. — Failure  of  the  Attempts  at  Systematic  Reform, 


It  may  appear  presumptuous  to  speak  of  the  failure  of  those  whom, 

like  Berzelius  and  Mohs,  we  acknowledge  as  our  masters,  at  a  period 

when,  probably,  they  and  some  of  their  admirers  still  hold  them  to 

bre  succeeded  in  their  attempt  to  construct  a  consistent  system.    But 

I  eonceive  that  my  office  as  an  historian  requires  me  to  exhibit  the  for- 

tanei  of  this  science  in  the  most  distinct  form  of  which  they  admit, 

od  that  I  cannot  evade  the  duty  of  attempting  to  seize  the  true  aspect 

ofiecent  occurrences  in  the  world  of  science.     Hence  I  venture  to 

^wk  of  the  failure  of  both  the  attempts  at  framing  a  pure  scientific 

9*tem  of  mineralogy, — that  founded  on  the  chemical,  and  that  founded 

<*Dthe  natural-history  principle ;  because  it  is  clear  that  they  have  not 

<>btained  that  which  alone  we  could,  according  to  the  views  here  pre- 

•CDtcd,  consider  as  success, — a  coincidence  of  each  with  the  other.    A 

Qiwnical  System  of  arrangement,  which  should  bring  together,  in  all 

^^sea,  the  substances  which  come  nearest  each  other  in  external  pro- 

P^itics; — a  Natural-history  System,  which  should  be  found  to  arrange 

'^^ics  in  complete  accordance  with  their  chemical  constitution : — if 

^^h  systems  existed,  they  might,  with  justice,  claim  to  have  succeeded. 

*h«ir  agreement  would  be  their  verification.     The  interior  and  exterior 

*3'stem  are  the  ij^a  and  the  antitype,  and  their  entire  correspondence 

'^ooJd  establish  the  mode  of  interpretation  beyond  doubt.     But  nothing 

'^Sq  than  this  will  satisfy  the  requisitions  of  science.     And  when, 

^^^refore,  the  chemical  and  the  natural-history  system,  though  evi- 

^^latly,  as  I  conceive,  tending  towards  each  other,  are  still  far  from 

*^^»aiing  together,  it  is  impossible  to  allow  that  either  method  has  been 

'^ocessful  in  regard  to  its  proper  object. 

lut  we  may,  I  think,  point  out  the  fallacy  of  the  principles,  as  well 
**^  the  imperfection  of  the  results,  of  both  of  those  methods.  AVith 
'^^jgard  to  that  of  Berzelius,  indeed,  the  history  of  the  subject  obviously 
^^^trays  its  unsoundness.  The  electro-positive  principle  was,  in  a  very 
^^^rt  time  after  its  adoption,  proved  and  acknowledged  to  be  utterly 
^"•^  tenable  :  what  security  have  we  that  the  electro-negative  element  is 
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more  trastworUiy  ?  Was  not  the  necessity  of  an  entire  change  d 
tern,  a  proof  that  the  ground,  whatever  that  was,  on  which  the  ek 
chemical  principle  was  adopted,  was  an  unfounded  assumption  ?  , 
in  fact,  do  we  not  find  that  the  same  argument  which  was  allowc 
bo  fatal  to  the  First  System  of  Berzelius,  applies  in  exactly  the  i 
manner  against  the  Second  ?  If  the  electro-positive  elements  be  c 
isomorphous,  are  not  the  electro-negative  elements  sometimes  noi 
phous  also  ?  for  instance,  the  arsenic  and  phosphoric  acids.  Bat  t 
further,  what  is  the  ground  on  which  the  electro-chemical  arrangw 
is  adopted?  Granted  that  the  electrical  relations  of  bodies  are 
portant ;  but  how  do  we  come  to  know  that  these  relations  have  i 
thing  to  do  with  mineralogy  ?  How  does  it  appear  that  on  them,} 
cipally,  depend  those  external  properties  which  mineralogy  must  sti 
How  does  it  appear  that  because  sulphur  is  the  electro-negative 
of  one  body,  and  an  acid  the  electro-negative  part  of  another,  i 
two  elements  similarly  affect  the  compounds  ?  How  does  it  vg 
that  there  is  any  analogy  whatever  in  their  functions  ?  We  allow 
the  composition  must,  in  some  way,  determine  the  classified  pl»( 
the  mineral, — but  why  in  this  way  ? 

I  do  not  dwell  on  the  remark  which  Berzelius  himself*  make 
Nordenskiold's  system ; — that  it  assumes  a  perfect  knowledge  d 
composition  in  every  case ;  although,  considering  the  usual  discre 
cies  of  analyses  of  minerals,  this  objection  must  make  all  pure  cl 
cal  systems  useless.  But  I  may  observe,  that  mineralogists  hav« 
yet  determined  what  characters  are  suflScicntly  aflSxed  to  determ 
species  of  minerals.  We  have  seen  that  the  ancient  notion  ol 
composition  of  a  species,  has  been  unsettled  by  the  discovery  o1 
morphism.  The  tenet  of  the  constancy  of  the  angle  is  rendered  d 
ful  by  cases  of  plesiomorphism.  The  optical  properties,  which  a 
closely  connected  with  the  crystalline,  are  still  so  imperfectly  kn 
that  they  are  subject  to  changes  which  appear  capricious  and  arbit 
Both  the  chemical  and  the  optical  mineralogists  have  constantly,  d 
found  occasion  to  separate  species  which  had  been  united,  and  to  1 
together  those  which  had  been  divided.  Everything  shows  thi 
this  science,  we  have  our  classification  still  to  begin.  The  dete 
of  that  fixity  of  characters,  on  which  a  right  establishment  of  sp 
must  rest,  is  not  yet  complete,  great  as  the  progress  is  which  we 
made,  by  acquiring  a  knowledge  of  the  laws  of  ciystallization  ai 


"  Jahres  JBericht  viii.  188. 


REFORM  OF  MIKERALOGICAL  SYSTEMS.  351 

efimte  chemical  constitution.  Our  ignorance  may  surprise  us;  but  it 
oay  diminish  our  surprise  to  recollect,  that  the  knowledge  which  we 
teek  is  that  of  the  laws  of  the  physical  constitution  of  all  bodies 
whatever;  for  to  us,  as  mineralogists,  all  chemical  compounds  are 
DQiDcnk 

The  defect  of  the  principle  of  the  natural-history  classifiers  may  be 
thog  stated : — in  studying  the  external  characters  of  bodies,  they  take 
for  gunted  that  they  can,  without  any  other  light,  discover  the  relative 
▼ilae  and  importance  of  those  characters.  The  grouping  of  Species 
into  a  Genus,  of  Genera  into  an  Order,  according  to  the  method  of  this 
Mhool,  proceeds  by  no  definite  rules,  but  by  a  latent  talent  of  apprccia- 
ti%-a  sort  of  classifying  instinct.  But  this  course  cannot  reasonably 
be  expected  to  lead  to  scientific  truth  ;  for  it  can  hardly  be  hoped,  by 
«y  one  who  looks  at  the  general  course  of  science,  that  we  shall 
discover  the  relation  between  external  characters  and  chemical  com- 
potttion,  otherwise  than  by  tracing  their  association  in  cases  where 
Wi  are  known.  It  is  urged  that  in  other  classificatory  sciences,  in 
botany,  for  example,  we  obtain  a  natural  classification  from  external 
characters  without  having  recourse  to  any  other  source  of  knowledge. 
^ttt  this  is  not  true  in  the  sense  here  meant.  In  framing  a  natural 
*y*tem  of  botany,  we  have  constantly  before  our  eyes  the  principles  of 
pbyaiology  ;  and  we  estimate  the  value  of  the  characters  of  a  plant  by 
their  bearing  on  its  functions, — by  their  place  in  its  organization.  In 
^^  anorganic  body,  the  chemical  constitution  is  the  law  of  its  being ; 
•^d  we  shall  never  succeed  in  framing  a  science  of  such  bodies  but  by 
Odiously  directing  our  efforts  to  the  interpretation  of  that  law. 

On  these  grounds,  then,  I  conceive,  that  the  bold  attempts  of  Mohs 
^d  of  Berzelius  to  give  new  forms  to  mineralogy,  cannot  be  deemed 
iccessful  in  the  manner  in  which  their  authors  aspired  to  succeed, 
either  of  them  can  be  marked  as  a  permanent  reformation  of  the 
'lence.  I  shall  not  inquire  how  far  they  have  been  accepted  by  men 
^  science,  for  I  conceive  that  their  greatest  effect  has  been  to  point 
^t  improvements  which  might  be  made  in  mineralogy  without  going 
^^  whole  length  either  of  the  pure  chemical,  or  of  the  pure  natural- 
Jstory  system. 

Sect,  4. — Return  to  Mixed  Systems  with  Improvements* 

^  spite  of  the  eflforts  of  the  purists,  mineralogists  returned  to  mixed 
'Stems  of  classification ;  but  these  systems  are  much  better  than  they 
^^^  before  such  efforts  were  made. 
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The  Second  System  of  Berzelius,  though  not  tenable  in  its  rigoroB 
form,  approaches  far  nearer  than  any  previous  system  to  a  comply 
character,  bringing  together  like  substances  in  a  large  portion  of  : 
extent.  The  System  of  Mohs  also,  whether  or  not  unconsciooc 
swayed  by  chemical  doctrines,  forms  orders  which  have  a  commun-a 
of  chemical  character ;  thus,  the  minerals  of  the  order  Maloide  a 
salts  of  oxides,  and  those  of  the  order  Ft/rites  are  sulphurets  of  met^ 
Thus  the  two  methods  appear  to  be  converging  to  a  common  cenfcn 
and  though  we  are  unable  to  follow  either  of  them  to  this  pomt 
union,  we  may  learn  from  both  in  what  direction  we  are  to  look  for 
If  we  regard  the  best  of  tlie  pure  systems  hitherto  devised  as  indicatio 
of  the  nature  of  that  system,  perfect  both  as  a  chemical  and  as  a  na'ft 
ral-history  system,  to  which  a  more  complete  condition  of  mincralogi^ 
knowledge  may  lead  us,  we  may  obtain,  even  at  present,  a  tolerat 
good  approximation  to  a  complete  classification  ;  and  such  a  one,  if  "^ 
recollect  that  it  must  be  imperfect,  and  is  to  be  held  as  provisioK 
only,  may  bo  of  no  small  value  and  use  to  us. 

The  best  of  the  mixed  systems  produced  by  this  compromise  age 
comes  from  Freiberg,  and  was  published  by  Professor  Naumann 
1828.  Most  of  his  orders  have  both  a  chemical  character  and  gr€ 
external  resemblances.  Thus  his  Haloides^  divided  into  Unmeiallic  a^: 
Metallic,  and  these  again  into  Hydrous  and  AnhydrouSy  give  go 
natural  groups.  The  mojst  diflicult  minerals  to  arrange  in  all  system 
are  the  siliceous  ones.  These  M.  Naumann  calls  Silicidcs,  and  sul> 
vides  them  into  Metallic,  Unmetallic,  and  Amphoteric  or  mixed ;  ot 
again,  into  Hydrous  and  Anhydrous.  Such  a  system  is  at  least  a  go 
basis  for  future  researches ;  and  this  is,  as  we  have  said,  all  that  we  c: 
at  present  hope  for.  And  when  wc  recollect  that  the  natural-hist^ 
principle  of  classification  has  begun,  as  we  have  already  seen,  to  m^ 
its  appearance  in  our  treatises  of  chemistry,  we  cannot  doubt  that  so' 
progress  is  making  towards  the  object  which  I  have  pointed  out.  t- 
we  know  not  yet  how  far  we  are  from  the  end.  The  combination 
chemical,  crystallographical,  physical  and  optical  properties  into  so- 
lofty  generalization,  is  probably  a  triumph  reserved  for  future  and  ^ 
tant  years. 

Conclusion, — Tlie  history  of  Mineralogy,  both  in  its  successes  anA 
its  failures,  teaches  us  this  lesson ; — that  in  the  sciences  of  classificati 
the  establishment  of  the  fixity  of  characters,  and  the  discovery  of  &*■ 
characters  as  are  fixed,  are  steps  of  the  first  importance  in  the  prog^ 
of  these  sciences.     The  recollection  of  this  maxim  may  aid  us  in  t^ 
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ing  our  coarse  through  the  history  of  other  sciences  of  this  kind ;  in 
wluchf  from  the  extent  of  the  8ubject>  and  the  mass  of  literatore 
belonging  to  it,  we  might  at  first  almost  despair  of  casting  the  history 
!iito  distinct  epochs  and  periods.  To  the  most  prominent  of  such 
tciences,  Botany,  I  now  proceed. 

Vol.  n.— 28. 
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Vatom  aspicies  qiias  rupe  sab  aliA 

Fata  canit,  foliisquc  notas  et  nomlna  mandat. 
Quaacunque  in  foliis  dcscripsit  carmina  virgo 
Digerit  in  numcrum  atque  antro  seclusa  relinquit 
Ilia  manent  immorta  locis  neque  ab  ordine  cedunt. 

Virgil,    ^n.  ill.  44IL 

Behold  the  Sibyl ! — Her  who  weaves  a  long, 

A  tangled,  full,  yet  sweetly  flowing  song. 

Wondrous  her  skill  ;  for  leaf  on  leaf  she  frames 

Unerring  symbols  and  enduring  names  ; 

And  as  her  nicely  measured  line  she  binds, 

For  leaf  on  leaf  a  fitting  place  she  finds  ; 

Their  place  once  found,  no  more  the  leaves  deport, 

But  fixed  rest : — such  is  her  magic  art. 


INTRODUCTION. 

)  now  arrive  at  that  stady  which  offers  the  most  copious 
and  complete  example  of  the  sciences  of  classification,  I  mean 
ly.  And  in  this  case,  we  have  before  us  a  branch  of  knowledge 
lich  we  may  say,  more  properly  than  of  any  of  the  sciences 
I  we  have  reviewed  since  Astronomy,  that  it  has  been  constantly 
icing,  more  or  less  rapidly,  from  the  infancy  of  the  human  race 
5  present  day.  One  of  the  reasons  of  this  resemblance  in  the 
les  of  two  studies  so  widely  dissimilar,  is  to  be  found  in  a  simpli- 
>f  principle  which  they  have  in  common ;  the  ideas  of  Likeness 
Difierence,  on  which  the  knowledge  of  plants  depends,  are,  like 
leas  of  Space  and  Time,  which  are  the  foundation  of  astronomy, 
ly  apprehended  with  clearness  and  precision,  even  without  any 
iar  culture  of  the  intellect.  But  another  reason  why,  in  the  his- 
3f  Botany,  as  in  that  of  Astronomy,  the  progress  of  knowledge 
i  an  unbroken  line  from  the  earliest  times,  is  precisely  the  great 
once  of  the  kind  of  knowledge  which  has  been  attained  in  the 
ases.     In  Astronomy,  the  discovery  of  general  truths  began  at  an 

period  of  civilization ;  in  Botany,  it  has  hardly  yet  begun ;  and 

in  each  of  these  departments  of  study,  the  lore  of  the  ancient 
>inogeneous  with  that  of  the  modern  times,  though  in  the  one 
it  is  science,  in  the  other,  the  absence  of  science,  which  pervades 
ges.  The  resemblance  of  the  form  of  their  history  arises  from 
liversity  of  their  materials, 
shall  not  here  dwell  further  upon  this  subject,  but  proceed  to 

rapidly  the  progress  of  Systematic  Botany^  as  the  classificatory 
cc  is  usually  denominated,  when  it  is  requisite  to  distinguish 
oen  that  and  Physiological  Botany.     My  own  imperfect  acquaint 

with  this  study  admonishes  nic  not  to  venture  into  its  details, 
cr  than  my  purpose  absolutely  rec] aires.  I  trust  that,  by  taking 
•lews  principally  from  writers  who  are  generally  allowed  to  pos- 

the  best  insight  into  the  science,  I  may  be  able  to  draw  the 
■r  features  of  its  history  with  tolerable  correctness ;  and  if  I  sue- 

in  this,  I  shall  attain  an  object  of  great  importance  in  my  general 
ne. 
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CHAPTER  I. 
Imaginart  Knowledge  of  Plants. 

THE  apprehension  of  sa^h  differences  and  resemblances  as  those  tff 
which  we  group  together  and  discriminate  the  yarioas  kinds  ^ 
plants  and  animals,  and  the  appropriation  of  words  to  mark  and  oo»* 
vey  the  resulting  notions,  must  be  presupposed,  as  essential  to  ftli^ 
very  beginning  of  human  knowledge.  In  whatever  manner  we  inr»»" 
gine  man  to  be  placed  on  the  earth  by  his  Creator,  these  process** 
must  be  conceived  to  be,  as  our  Scriptures  represent  them,  coniem'p^ 
raucous  with  the  first  exertion  of  reason,  and  the  first  use  of  spe&oli' 
If  we  were  to  indulge  ourselves  in  framing  a  hypothetical  account  <^ 
the  origin  of  language,  we  should  probably  assume  as  the  first-fomi^^ 
words,  those  which  depend  on  the  visible  likeness  or  unlikeness  of 
objects ;  and  should  arrange  as  of  subsequent  formation,  those  ter«J^ 
which  imply,  in  the  mind,  acts  of  wider  combination  and  higl»^' 
abstraction.  At  any  rate,  it  is  certain  that  the  names  of  the  kinds  O* 
vegetables  and  animals  are  very  abundant  even  in  the  most  uncivili^^ 
stages  of  man's  career.  Thus  we  are  informed  *  that  the  inhabit***'** 
of  New  Zealand  have  a  distinct  name  of  every  tree  and  plant  in  tb^" 
island,  of  which  there  are  six  or  seven  hundred  or  more  differ^** 
kinds.  In  the  accounts  of  the  rudest  tribes,  in  the  earliest  legen  ^ 
poetry,  and  literature  of  nations,  pines  and  oaks,  roses  and  violets,  *tl* 
olive  and  the  vine,  and  the  thousand  other  productions  of  the  ear"** 
have  a  place,  Jind  are  spoken  of  in  a  manner  which  assumes,  thatJ  * 
such  kinds  of  natural  objects,  permanent  and  infallible  distincti ^^""^ 
had  been  observed  and  universally  recognized. 

For  a  long  period,  it  was  not  suspected  that  any  ambiguity  or  (r^^' 
fusion  could  arise  from  the  use  of  such  terms ;  and  when  such  incr  ^> 
veniences  did  occur,  (as  even  in  early  times  they  did,)  men  were  * 
from  divining  that  tlie  proper  remedy  was  the  construction  c:^* 
science  of  classification.  The  loose  and  insecure  terms  of  the  ^-^ 
guage  of  common  life  retained  tlieir  place  in  botany,  long  after  t'S-* 
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defeota  were  severely  felt :  for  instance,  the  vague  and  unscientific  dis- 
tinction of  vegetables  into  trees^  shrubs^  and  herhs^  kept  its  ground  till 
the  time  of  LinnsBus. 

While  it  was  thus  imagined  that  the  identification  of  a  plant,  by 
means  of  its  name,  mighjt  properly  be  trusted  to  the  common  uncul- 
tured Acuities  of  the  mind,  and  to  what  we  may  call  the  instinct  of 
language,  all  the  attention  and  study  which  were  bestowed  on  such 
objects,  were  naturally  employed  in  learning  and  thinking  upon  such 
evcomstances  respecting  them  as  were  supplied  by  any  of  the  common 
channels  through  which  knowledge  and  opinion  flow  into  men's 
minds. 

Die  reader  need  hardly  be  reminded  that  in  the  earlier  periods  of 

QUm's  mental  culture,  he  acquires  those  opinions  on  which  ho  loves 

to  dweH  not  by  the  exercise  of  observation  subordinate  to  reason ; 

^^  far  more,  by  his  fancy  and  his  emotions,  his  love  of  the  marvel- 

^<Mi^  his  hopes  and  fears.     It  cannot  surprise  us,  therefore,  that  the 

^•riiest  lore  concerning  plants  which  we  discover  in  the  records  of  the 

P*^  consists  of  mythological  legends,  marvellous  relations,  and  extra- 

ordinary  medicinal  qualities.     To  the  lively  fancy  of  the  Greeks,  the 

Narcissus,  which  bends  its  head  over  the  stream,  was  originally  a 

youth  who  in  such  an  attitude  became  enamored  of  his  own  beauty : 

wie  hyacinth,'  on  whose  petals  the  notes  of  grief  were  traced  (a  i,  A  i), 

^^tded  the  sorrow  of  Apollo  for  the  death  of  his  favorite  Ilyaciu- 

^*iQa :  the  beautiful  lotus  of  India,*  which  floats  with  its  splendid 

^'''^er  on  the  surface  of  the  water,  is  the  chosen  scat  of  the  goddess 

"""•^^ckahmi,  the  daughter  of  Ocean.*     In  Egypt,  too,*  Osiris  swam  on  a 

^^Us-lea^  and  Harpocrates  was  cradled  in  one.     The  lotus-eaters  of 

^^onjer  \q^i  immediately  their  love  of  home.     Every  one  knows  how 

^^^y  it  would  be  to  accumulate  such  talcs  of  wonder  or  religion. 

Those  who  attended  to  the  effects  of  plants,  might  discover  in  them 

^^^o  medicinal  properties,  and  might  easily  imagine  more  ;  and  when 

^^  love  of  the  marvellous  was  added  to  the  hope  of  health,  it  is  easy 

l>elieve  that  men  would  be  very  credulous.     We  need  not  dwell  upon 

^    examples  of  tins.     In  Pliny's  Introduction  to  that  book  of  his 


Xjlium  martagon. 

Ipee  8U0S  gemitus  foliis  inscribit  et  a  i,  a  i, 

Floe  habet  inBoriptum  funestaque  litem  ducta  est — Otid. 

^^elumbium  speciosum. 

Sprengel,  Oeschichte  cler  Botanikt  i.  27.  '  lb.  L  28. 
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Nataral  History  which  treats  of  the  medicinal  virtues  of  ph 
says,*  "Antiquity  was  so  much  struck  with  the  properties  of  hei 
it  affirmed  things  incredible.  Xanthus,  the  historian,  says, 
man  killed  by  a  dragon,  will  be  restored  to  life  by  an  herb  wl 
calls  halin ;  and  that  Thylo,  when  killed  by  a  dragon,  was  re< 
by  the  same  plant.  Dcmocritus  asserted,  and  Theophrastus  b 
that  there  was  an  herb,  at  the  touch  of  which,  the  wedge  wt 
woodman  had  driven  into  a  tree  would  leap  out  again.  Tho 
cannot  credit  these  stories,  most  persons  believe  that  almost  ai 
might  be  effected  by  means  of  herbs,  if  their  virtues  were  fully  I 
How  £Eur  from  a  reasonable  estimate  of  the  reality  of  such  virta 
tho  persons  who  entertained  this  belief,  we  may  judge  from  th 
superstitious  observances  which  they  associated  with  the  gather 
using  of  medicinal  plants.  Theophrastus  speaks  of  these  ;^  "  Th 
sellers  and  the  rhizotomists  (root-cutters)  tell  us,"  he  says,  "som< 
which  may  be  true,  but  other  things  which  are  merely  solemn  qua 
thus  they  direct  us  to  gather  some  plants,  standing  from  the  wi 
with  our  bodies  anointed ;  some  by  night,  some  by  day,  some 
the  sun  falls  on  them.  So  far  there  may  be  something  in  the! 
But  others  are  too  fantastical  and  far  fetched.  It  is,  perhi 
absurd  to  use  a  prayer  in  plucking  a  plant ;  but  they  go  flirth< 
this.  We  are  to  draw  a  sword  three  times  round  the  mandrag( 
to  cut  it  looking  to  the  west :  again,  to  dance  round  it,  and 
obscene  language,  as  they  say  those  who  sow  cumin  should  utt 
phemies.  Again,  we  arc  to  draw  a  line  round  the  black  he 
standing  to  the  east  and  praying ;  and  to  avoid  an  eagle  either 
right  or  on  the  left ;  for,  say  they,  *  if  an  eagle  be  near,  the  cut 
die  in  a  year.'  " 

This  extract  may  serve  to  show  the  extent  to  which  these  ii 
tions  were  prevalent,  and  the  manner  in  which  they  were  lookc 
by  Theophrastus,  our  first  great  botanical  author.  And  we  m 
consider  that  we  have  given  sufficient  attention  to  these  fab 
superstitions,  which  have  no  place  in  the  history  of  the  prog 
real  knowledge,  except  to  show  the  strange  chaos  of  wild  fane 
legends  out  of  which  it  had  to  emerge.  We  proceed  to  tr 
history  of  the  knowledge  of  plants. 


*  Lib.  zxv.  6.  ^  D€  Planiit,  ix.  9.  '  E^rpay^Sm 
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CHAPTER  n. 
TJkststsmatio  Knowledge  of  Plants. 

A    STEP  was  made  towards  the  formation  of  the  Science  of  Plants, 

^*  although  undoubtedly  a  slight  one,  as  soon  as  men  began  to  col- 

^^ct  infonnation  concerning  them  and  their  properties,  from  a  love  and 

•^Te^nce  for  knowledge,  independent  of  the  passion  for  the  marvel- 

'ottt  and  the  impulse  of  practical  utility.    This  step  was  very  early 

"••de.    The  **  wisdom "  of  Solomon,  and  the  admiration  which  was 

•^CBtowed  upon  it,  prove,  even  at  that  period,  such  a  working  of  the 

•pcculative  faculty:  and  we  arc  told,  that  among  other  evidences  of 

Ws  being  "  wiser  than  all  men,"  "  he  spake  of  trees,  from  the  cedar- 

^'^c  that  is  in  Lebanon  even  unto  the  hyssop  that  springcth  out  of  the 

Wall/'*     The  father  of  history,  Herodotus,  shows  us  that  a  taste  for 

'^•tural  history  had,  in  his  time,  found  a  place  in  the  minds  of  the 

Qj^eeks.    In  speaking  of  the  luxuriant  vegetation  of  the  Babylonian 

pJ^in,*  he  is  so  far  from  desiring  to  astonish  merely,  that  he  says,  "the 

Wa<ie8  of  wheat  and  barley  are  full  four  fingers  wide;  but  as  to  the 

***«  of  the  trees  which  grow  from  millet  and  sesame,  though  I  could 

■^^ution  it,  I  will  not ;  knowing  well  that  those  who  have  not  been  in 

^»t  country  will  hardly  believe  what  I  have  said  already."     He  then 

proceeds  to  describe  some  remarkable  circumstances  respecting  the 

fertilization  of  the  date-palms  in  Assyria. 

This  curious  and  active  spirit  of  the  Greeks  led  rapidly,  as  we  have 
seen  in  other  instances,  to  attempts  at  collecting  and  systematizing 
knowledge  on  almost  every  subject :  and  in  this,  as  in  almost  every 
other  department,  Aristotle  may  be  fixed  upon,  as  the  representative 
of  the  highest  stage  of  knowledge  and  system  which  they  ever 
attained.  The  vegetable  kingdom,  like  every  other  province  of  nature, 
^as  one  of  the  fields  of  the  labors  of  this  universal  philosopher. 
""^  Ihongh  his  other  works  on  natural  history  have  come  down  to 
"^  ^txd  are  a  most  valuable  monument  of  the  state  of  such  knowledge 
'^   ^^is  time,  his  Treatise  on  Plants  is  lost.     The  book  De  Flantix 


1  EiogB  iv.  33.  *  Herod.  L  193. 
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l^igher  np,  and  ramified.  It  loves  a  sandy  soil,  and  has  no  leaf 
itever." 

i^e  books  of  Aristotle  and  Theophrastus  soon  took  the  place  of  the 
>k  of  Nature  in  the  attention  of  the  degenerate  philosophers  who 
ceeded  them.  A  story  is  told  by  Strabo*  concerning  the  fate  of  the 
*ks  of  these  great  naturalists.  In  the  case  of  the  wars  and  changes 
ch  occurred  among  the  successors  of  Alexander,  the  heirs  of  Theo- 
astus  tried  to  secure  to  themselves  his  books,  and  those  of  his  mas- 
by  burying  them  in  the  ground.  There  the  manuscripts  suflfered 
ih  from  damp  and  worms ;  till  Apollonicon,  a  book-collector  of 
le  days,  purchased  them,  and  attempted,  in  his  own  way,  to  supply 
it  time  had  obliterated.    When  Sylla  marched  the  Roman  troops 

Athens,  he  took  possession  of  the  library  of  Apollonicon ;  and  the 
ks  which  it  contained  were  soon  circulated  among  the  learned  of 
tie  and  Alexandria,  who  were  thus  enabled  to  Artstotelize'  on 
iny  as  on  other  subjects. 

lie  library  collected  by  the  Attalic  kings  of  Pcrgamus,  and  the 
xandrian  Museum,  founded  and  supported  by  the  Ptolemies  of 
''pt,  rather  fostered  the  commentatorial  spirit  than  promoted  the 
■ease  of  any  real  knowledge  of  nature.  Tlie  Romans,  in  this  as  in 
er  subjects,  were  practical,  not  speculative.  They  had,  in  the  times 
heir  national  vigor,  several  writers  on  agriculture,  who  were  highly 
iemcd ;  but  no  author,  till  we  come  to  Pliny,  who  dwells  on  the 
re  knowledge  of  plants.  And  even  in  Pliny,  it  is  easy  to  perceive 
t  we  have  before  us  a  writer  who  extracted  his  information  princi- 
ly  from  books.  This  remarkable  man,*  in  the  middle  of  a  public 
i  active  life,  of  campaigns  and  voyages,  contrived  to  accumulate,  by 
ding  and  study,  an  extraordinary  store  of  knowledge  of  all  kinds. 

unwilling  was  he  to  have  his  reading  and  note-making  interrupted, 
^t^  even  before  day-break  in  winter,  and  from  his  litter  as  he  tra- 
led,Jbe  was  wont  to  dictate  to  his  amanuensis,  who  was  obliged  to 
^rvc  his  hand  from  the  numbness  which  the  cold  occasioned,  by 
5  use  of  gloves.* 

It  has  been  ingeniously  observed,  that  we  may  find  traces  in  the 
^nical  part  of  his  Natural  History,  of  the  errors  which  this  hurried 
1  broken  habit  of  study  produced ;  and  that  he  appears  frequently 
■^ave  had  books  read  to  him  and  to  have  heard  them  amiss."    Thus, 


^trabo,  lib.  xiii.  c.  L,  §  54.  "^  Ap«ororXi<£iv.  •  Sprengel,  L  163. 

^^in.  Jun.  Epist  3,  5.  '•  Sprengel,  i.  163. 
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among  several  other  instances,  Theophrastus  having  said  that  the  pli 
tree  is  in  Italy  rare,"  Pliny,  misled  by  the  similarity  of  the  Gfi 
word  {spaniauj  rare),  says  that  the  tree  occurs  in  Italy  and  Spai 
His  work  has,  with  great  propriety,  been  called  the  Encyclopaedia 
Antiquity ;  and,  in  truth,  there  are  few  portions  of  the  learning  oi 
times  to  which  it  does  not  refer.  Of  the  thii-ty-seven  Books  of  wl 
it  consists,  no  less  than  sixteen  (from  the  twelfth  to  the  twenty-seven 
relate  to  plants.  The  information  which  is  collected  in  these  booh 
of  the  most  miscellaneous  kind ;  and  the  author  admits,  with  Ji 
distinction,  truth  and  error,  useful  knowledge  and  absurd  fables.  !! 
declamatory  style,  and  the  comprehensive  and  lofty  tone  of  then 
which  we  have  already  spoken  of  as  characteristic  of  the  Ron 
writers,  arc  peculiarly  observable  in  him.  The  manner  of  his  deatl 
well  known  :  it  was  occasioned  by  the  eniption  of  Vesuvius,  a.d. 
to  which,  in  his  curiosity,  he  ventured  so  near  as  to  be  suffocated. 

Pliny's  work  acquired  an  almost  unlimited  authority,  as  Que  of 
standards  of  botanical  knowledge,  in  the  middle  ages  ;  but  even  m 
than  his,  that  of  his  contemporary,  Pedanius  Dioscorides,  of  Anazai 
in  Cilicia,  This  work,  written  in  Greek,  is  held  by  the  best  judges' 
offer  no  evidence  that  the  author  observed  for  himself.  Yet  he  t 
expressly  in  his  Preface,  that  his  love  of  natural  history,  and  his  n 
tary  life,  have  led  him  into  many  countries,  in  which  he  has 
opportunity  to  become  acquainted  with  the  nature  of  herbs  and  trc 
He  speaks  of  six  hundred  plants,  but  often  indicates  only  their  na 
and  properties,  giving  no  description  by  which  they  can  be  identii 
The  main  cause  of  his  great  reputation  in  subsequent  times  was,  1 
he  says  much  of  the  medicinal  virtues  of  vegetables. 

We  come  now  to  the  ages  of  darkness  and  lethargy,  when  the  h 
of  original  thought  seems  to  die  away,  as  the  talent  of  original  oh 
vation  had  done  before.  Commentators  and  mystics  succeed  to 
philosophical  naturalists  of  better  times.  And  though  a  new  r 
altogether  distinct  in  blood  and  character  from  the  Greek,  appropri 
to  itself  the  stores  of  Grecian  learning,  this  movement  does  nol 
might  be  expected,  break  the  chains  of  literary  slavery.     The  Ai 


**  Theoph.  iv.  7.    "Ev  fdv  yap  tw  'A.Sp(a  irXaTavov  ov  (^aalv  eifat  rX^v  mpt  ri  Aio/ill 
\cp6v^   avavlav   il  Koi  iv  'IraXi'a  iruo-jj. 

*'  PUn.  Nat.  Hist  xil  8.    £t  alias  (platanos)  fuiese  la  Italia^  ac  nomiiu 
HUpania,  apud  auctores  invenitur. 
"  Mirbel,  610.  "  SprCDgel,  I  186. 
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briTig,  to  the  cultivation  of  the  science  of  the  Greeks,  their  own 
oriental  habit  of  submission,  their  oriental  love  of  wpnder ;  and  thus, 
wliile  they  swell  the  herd  of  commentators  and  mystics,  they  produce 
no  philosopher. 

Yet  the  Arabs  discharged  an  important  function  in  the  history  of 
human  knowledge,**  by  preserving,  and  transmitting  to  more  enlight- 
ened times,  the  intellectual  treasures  of  antiquity.    The  unhappy  dis- 
lensions  which  took  place  in  the  Christian  church  had  scattered  these 
treasures  over  the  East,  at  a  period  much  antecedent  to  the  rise  of  the 
Saracen  power.    In  the  fifth  century,  the  adherents  of  Nestorius, 
biihop  of  Constantinople,  were  declared  heretical  by  the  Council  of 
Rhesus  (AJ>.  431),  and  driven  into  exile.     In  this  manner,  many  of 
the  most  learned  and  ingenious  men  of  the  Christian  world  were 
Kmoved  to  the  Euphrates,  where  they  formed  the  Chaldean  church, 
erected  the  celebrated  Nestorian  school  of  Edessa,  and  gave  rise  to 
niany  offsets  from  this  in  various  regions.    Already,  in  the  fifth  cen- 
tary,  Hibas,  Cumas,  and  Probus,  translated  the  writings  of  Aristotie 
JDto  Syriac.     But  the  learned  Nestorians  paid  an  especial  attention  to 
^«  art  of  medicine,  and  were  the  most  zealous  students  of  the  works 
of  the  Greek  physicians.     At  Djondisabor,  in  Khusistan,  they  became 
an  ostensible  medical  school,  who  distributed  academical  honors  as 
the  result  of  public  disputations.     The  califs  of  Bagdad  heard  of  the 
ame  and  the  wisdom  of  the  doctors  of  Djondisabor,  summoned  some 
of  them  to  Bagdad,  and  took  measures  for  the  foundation  of  a  school 
of  learning  in  that  city.     The  value'of  the  skill,  the  learning,  and  the 
Virtues  of  the  Nestorians,  was  so  strongly  felt,  that  they  were  allowed 
by  the  Mohammedans  the  free  exercise  of  the  Christian  religion,  and 
entrusted  with  the  conduct  of  the  studies  of  those  of  the  Moslemin, 
^hose  education  was  most  cared  for.     The  aflSnity  of  the  Syriac  and 
Arabic  languages  made  the  task  of  instruction  more  easy.     The  Nes- 
torians translated  the  works  of  the  ancients  out  of  the  former  into  the 
Matter  language :  hence  there  are  still  found  Arabic  manuscripts  of 
-"l^'oscorides,  with  Syriac  words  in  the  margin.     Pliny  and  Aristotle 
^^^^se  assumed  an  Arabic  dress ;  and  were,  as  well  as  Dioscorides, 
^  foundation  of  instruction  in  all  the  Arabian  academies ;  of  which 
*  ^eat  number  were  established  throughout  the  Saracen  empire,  from 
*^Wiara  in  the  remotest  east,  to  Marocco  and  Cordova  in  the  west 
^r  some  time,  the  Mohammedans  themselves  began  to  translate  and 


"  Sprengel,  i.  203. 
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extract  from  their  Syriac  sources ;  and  at  length  to  write  works  of  1 
own.  And  thns^  arose  vast  libraries,  such  as  that  of  Cordova,  w 
contained  250,000  Yolomes. 

The  Nestorians  are  stated**  to  have  first  established  among  the  A 
those  collections  of  medicinal  substances  {Apotheem)^  from  which 
term  Apothecary  is  taken ;  and  to  have  written  books  {Dupauok 
containing  systematic  instructions  for  the  employment  (k  these  mec 
ments ;  a  word  which  long  continued  to  be  implied  in  the  same  sc 
and  which  we  also  retain,  though  in  a  modified  a{qplicati<Mi  {i 
paumry). 

The  directors  of  these  collections  were  supposed  to  be'  intioMl 
acquainted  with  plants;  and  yet»  in  truth,  the  knowledge  ofpli 
owed  but  little  to  them ;  for  the  Arabic  Dioscorides  was  the  soonei 
standard  of  their  knowledge.    The  fiourishing  commerce  of  tbe  i 
bians,  their  numerous  and  distant  journeys,  made  them,  no  do| 
practically  acquainted  with  the  productions  of  lands  unknown  to 
Greeks  and  Romans.    Their  Nestorian  teachers  had  established  y 
tianity  even  as  fSur  as  China  and  Malabar;    and  their  tiard 
mention**  the  camphor  of  Sumatra,  the  aloe-wood  of  Socotra  near  I 
the  tea  of  China.    But  they  never  learned  the  art  of  converting  f 
practical  into  specuktive  knowledge.    They  treat  of  plants  only 
fSur  as  their  use  in  medicine  is  concerned,*'  and  followed  Diosoorir 
the  description,  and  even  in  the  order  of  the  plants,  except  whei 
arrange  them  according  to  the  Arabic  alphabet    With  little  df 
of  view,  they  often  mistake  what  they  read  :  **  thus  when  Dio0 
says  that  ligustkon  grows  on  the  Apennine,  a  mountain  not  f 
the  Alps ;  Avicenna,  misled  by  a  resemblance  of  the  Arabic 
quotes  him  as  saying  that  the  plant  grows  on  Akabis,  a  moun' 
Egypt. 

It  is  of  little  use  to  enumerate  such  writers.    One  of  the  n 
of  them  was  Mesne,  physician  of  the  Calif  of  Kahirah.    1 
which  was  translated  into  Latin  at  a  later  period,  was  cntiUec 
pU  Medicines  ;  a  title  which  was  common  to  many  medicf 
from  the  time  of  Galen  in  the  second  century.    Indeed,  of 
sition  of  simple  and  compound  medicines,  we  still  have  tr 
language: 


"  Sprengel,  L  20ft.  '*  Spreng^ 
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He  iroold  ope  his  leathern  eerip, 
And  show  me  nmpU»  of  a  thoosaod  Dames, 
Telling  their  strange  and  TigoronB  faculties.  * 

BfiLTON,  Ccmui. 

I  tho  subject  of  our  history  is  so  entirely  at  a  stand,  it  ii 
ble  to  dwell  on  a  list  of  names.  The  Arabians,  small  as  their 
as,  were  able  to  instruct  the  Christians.  Their  writmgs  were 
I  by  learned  Europeans,  for  instance  Michael  Scot,  and  Con- 
)f  Africa,  a  Carthaginian  who  had  lived  forty  years  among 
ens,**  and  who  died  aj).  1087.  Among  his  works,  is  a  Trea- 
7radibus,  which  contains  the  Arabian  medicinal  lore.  In  the 
I  century  occur  Encyclopaedias,  as  that  of  Albertus  Magnus, 
ncent  of  Bcauvais ;  but  these  contain  no  natural  history  except 

and  fables.     Even  the  ancient  writers  were  altogether 

and  disfigured.  The  Dioscorides  of  the  middle  ages  varied 
^  from  ours.'*  Monks,  merchants,  and  adventurers  travelled 
nowledge  was  little  increased,  Simon  of  Genoa,"  a  writer  on 
the  fourteenth  century,  boasts  that  he  perambulated  the  East 
to  collect  plants.  "  Yet  in  his  Claris  Sanationis^^  says  a 
otanical  writer,"  "  we  discover  no  trace  of  an  acquaintance 
ire.     lie  merely  compares   the   Greek,  Arabic,  and   Latin 

plants,  and  gives  their  medicinal  effect  after  his  predeces- 
)  little  true  is  it,  that  the  use  of  the  senses  alone  necessarily 
ial  knowledge. 

I  the  growing  activity  of  thought  in  Europe,  and  the  revived 
ice  with  the  authors  of  Greece  in  their  genuine  form,  were 

dispelling  the  intellectual  clouds  of  the  middle  ages,  yet 
3  fifteenth  century,  botany  makes  no  approach  to  a  scientific 
le  greater  part  of  the  literature  of  this  subject  consisted  of 
.11  of  which  were  formed  on  the  same  plan,  and  appeared 
js  such  as  Ilortus^  or  Ortus  Sanitatis,  There  are,  for  exam- 
*  such  German  Ilerbals,  with  woodcuts,  which  date  about 
Lit  an  important  peculiarity  in  these  works  is  that  they  con- 
indigenous  species  placed  side  by  side  with  the  old  ones.  In 
!  Grete  Herbal  was  published  in  England,  also  with  woodcuts. 
3  an  account  of  more  than  four  hundred  vegetables,  and  their 


mgel,  i.  230.  "*  lb.  i.  239.  "  lb.  I  241.  "  lb.  ib. 
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products ;  of  \?hich  one  hundred  and  fifty  are  English,  and  are  no  n 
distinguished  from  the  exotics  by  the  mode  in  which  they  are  insen 
in  the  work. 

We  shall  see,  in  the  next  chapter,  that  when  the  intellect  of  Etnt 
began  really  to  apply  itself  to  the  observation  of  nature,  the  progr 
towards  genuine  science  soon  began  to  be  visible,  in  this  as  in  oft 
subjects;  but  before  this  tendency  could  operate  freely,  the  history c 
botany  was  destined  to  show,  in  another  instance,  how  much  ma 
grateful  to  man,  even  when  roused  to  intelligence  and  activity,  is  tk 
study  of  tradition  than  the  strdy  of  nature.  When  the  scholarB  ol 
Europe  had  become  acquainted  with  the  genuine  works  of  the  andenl 
in  the  original  languages,  the  pleasure  and  admiration  which  they  AH 
led  them  to  the  most  zealous  endeavors  to  illustrate  and  apply  ifli 
they  read.  They  fell  into  the  error  of  supposing  that  tiie  jW 
described  by  Theophrastus,  Dioscorides,  Pliny,  must  be  those  wlriei 
grew  in  their  own  fields.  And  thus  Ruellius,**  a  French  physidii 
who  only  travelled  in  the  environs  of  Paris  and  Picardy,  imagined  thi 
he  found  there  the  plants  of  Italy  and  Greece.  The  originators  o 
genuine  botany  in  Germany,  Bninfels  and  Tragus  (Bock),  committd 
the  same  mistake ;  and  hence  arose  the  misapplication  of  classici 
names  to  many  genera.  The  labors  of  many  other  learned  men  too 
the  same  direction,  of  treating  the  ancient  writers  as  if  they  alon 
were  the  sources  of  knowledge  and  truth. 

But  the  philosophical  spirit  of  Europe  was  already  too  vigorous  t 
allow  this  superstitious  erudition  to  exercise  a  lasting  sway.  Leon 
cenus,  who  taught  at  Ferrara  till  he  was* almost  a  hundred  years  <J< 
and  died  in  1524,'*  disputed,  with  great  freedom,  the  authority  of  th 
Arabian  writers,  and  even  of  Pliny.  He  saw,  and  showed  by  in«» 
examples,  how  little  Pliny  himself  knew  of  nature,  and  how  ma" 
errors  he  had  made  or  transmitted.  The  same  independence  < 
thought  with  regard  to  other  ancient  writers,  was  manifested  by  otb 
scholars.  Yet  the  power  of  ancient  authority  melted  away  but  g* 
dually.  Thus  Antonius  Brassavola,  who  established  on  the  banks  < 
the  Po  the  first  botanical  garden  of  modern  times,  published  in  l^* 
his  Examen  omnium  Simplicium  Medicamentorum  ;  and,  as  Go^ 
says,'^  though  he  studied  plants  in  nature,  his  book  (written  \n  ^ 


*  Le  Natura  Stirpium,  1686.  **  Sprengel,  I  252. 
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UKSYSTEMATIC  KNOWLEDGE.  369 

Platonic  form  of  dialogue),  has  still  the  character  of  a  commentary  on 
the  ancients. 

llie  Germans  appear  to  have  been  the  first  to  liberate  themselves 
from  this  thraldom,  and  to  publish  works  founded  mainly  on  actual 
obieryation.  The  first  of  the  botanists  who  had  this  great  merit  is 
Otho  Brunfels  of  Mentz,  whose  work,  Herharum  Vivce  IconeSj  appeared 
ia  1530.  It  consists  of  two  volumes  in  folio,  with  wood-cuts ;  and  in 
1532,  a  German  edition  was  published.  The  plants  which  it  contains 
ve  given  without  any  arrangement,  and  thus  he  belongs  to  the  period 
of  unsystematic  knowledge.  Yet  the  progress  towards  the  forma- 
.tioBof  a  System  manifested  itself  so  immediately  in  the  series  of  Gcr- 
Bn  botanists  to  which  he  belongs,  that  we  might  with  almost  equal 
fRfriety  transfer  him  to  the  history  of  that  progress ;  to  which  we 
WW  proceed. 


CHAPTER  III. 
Formation  of  a  System  of  Arrangement  of  Plants. 


Sect,  1. — Prelude  to  the  Epoch  of  Ccesalpinus. 

'THE  arrangement  of  plants  in  the  earliest  works  was  either  arbi- 
**•  traiy,  or  according  to  their  use,  or  some  other  extraneous  circum- 
*^^ce,  as  in  Pliny.     This  and  the  division  of  vegetables  by  Dioscorides 
'^to  anmaticy  alimentary^  medicinal^  vinous^  is,  as  will  be  easily  seen, 
*  merely  casual  distribution.     Tlie  Arabian  writers,  and  those  of  the 
''^Jddle  ages,  showed  still  more  clearly  their  insensibility  to  the  nature 
^'  system,  by  adopting  an  alphabetical  arrangement ;  which  was  em- 
ployed also  in  the  Hcrbals  of  the  sixteenth  century.     Brunfels,  as  we 
"*^e  said,  adopted  no  principle  of  order ;  nor  did  his  successor,  Fuchs. 
^®t  the  latter  writer  urged  his  countrymen  to  put  aside  their  Arabian 
*^d  barbarous  Latin  doctors,  and  to  observe  the  vegetable  kingdom  for 
^^Qiselves;  and  he  himself  set  the  example  of  doing  this,  examined 
Plants  with  zeal  and  accuracy,  and  made  above  fifteen  hundred  draw- 
^&  of  them.* 


'  His  Hisioria  Stirpium  was  published  at  Basil  in  1542. 

TT  —9.1 
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The  diflSculty  of  representing  plants  in  any  useful  way  by  me 
drawings,  is  greater,  perhaps,  than  it  at  first  appears.  So  long 
distinction  was  made  of  the  importance  of  different  organs  of  the 
a  picture  representing  merely  the  obvious  general  appearand 
larger  parts,  was  of  comparatively  small  value.  Hence  we  arc  i 
wonder  at  the  slighting  manner  in  which  Pliny  speaks  of  such  r«c 
"  Those  who  gave  such  pictures  of  plants,"  he  says,  "  Crateuas,  D 
sius,  Metrodoms,  have  shown  nothing  clearly,  except  the  diflScnl) 
their  undertaking.  A  picture  may  be  mistaken,  and  is  changec 
disfigured  by  copyists;  and,  without  these  imperfections,  it  n 
enough  to  represent  the  plant  in  one  state,  since  it  has  four  diff 
aspects  in  the  four  seasons  of  the  year.** 

The  diffusion  of  the  habit  of  exact  drawing,  especially  amoD| 
countrymen  of  Albert  Durer  and  Lucas  Cranach,  and  the  invcnti 
wood-cuts  and  copper-plates,  remedied  some  of  these  defects,  1 
over,  the  conviction  gradually  arose  in  men's  minds  that  the  stro 
of  the  flower  and  the  fruit  are  the  most  important  circumstanc 
fixing  the  identity  of  the  plant.  Thcophrastus  speaks  with  pre( 
'of  the  organs  which  he  describes,  but  these  arc  principally  the  le 
roots,  and  stems.  Fuchs  uses  the  term  a2)ices  for  tlie  anthcWi 
gluma  for  the  blossom  of  grasses,  thus  showing  that  he  had  nc 
these  parts  as  generally  present. 

In  the  next  writer  whom  we  have  to  mention,  we  find  some  t 
of  a  perception  of  the  real  resemblances  of  plants  beginning  to  a| 
It  is  impossible  to  explain  the  progress  of  such  views  without  assD 
in  the  reader  some  acquaintance  with  plants ;  but  a  very  few  i 
may  suffice  to  convey  the  requisite  notions.  Even  in  plants  i 
most  commonly  come  in  our  way,  wc  may  perceive  instances  o 
resemblances  of  which  we  speak.  Thus,  Mint,  Maijoram,  Basil, 
Lavender,  Thyme,  Dead-nettle,  and  many  other  plants,  have  a  to 
flower,  of  which  the  ipouth  is  divided  into  two  lips ;  hence  the 
formed  into  a  family,  and  termed  Lahiatcc,  Again,  the  Stod 
Wall-flower,  the  Mustard,  the  Cress,  the  Lady-smock,  the  Sheph 
purse,  have,  among  other  similarities,  their  blossoms  with  four ; 
arranged  crosswise ;  these  are  all  of  the  order  Cruciferas,  < 
flowers,  apparently  more  complex,  still  resemble  each  other,  as  ] 
Marigold,  Aster,  and  Chamomile;  these  belong  to  the  order 
positce.  And  though  the  members  of  each  such  family  may 
widely  in  their  larger  parts,  their  stems  and  leaves,  the  close  stu 
nature  leads  the  botanist  irresistibly  to  consider  their  rescmblan* 
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occupying  a  £ur  more  important  place  than  their  differences.  It  is  the 
general  establishment  of  this  conviction  and  its  consequences  which 
we  liave  now  to  follow. 

Tlie  first  writer  in  whom  we  find  the  traces  of  an  arrangement 
depending  upon  these  natural  resemblances,  is  Hieronymus  Tragus, 
(Jerom  Bock,)  a  laborious  German  botanist,  who,  in  1551,  published 
t  herbaL  In  this  work,  several  of  the  species  included  in  those  natu- 
ral lunilies  to  which  we  have  alluded,'  as  for  instance  the  Labiatso, 
the  C^ciferse,  the  CompositsB,  are  for  the  most  part  brought  together; 
md  thus,  although  with  many  mistakes  as  to  such  connexions,  a  new 
principle  of  order  is  introduced  into  the  subject 

In  pursuing  the  development  of  such  principles  of  natural  order,  it 

v  necessary  to  recollect  that  the  principles  lead  to  an  assemblage  of 

drfiaoDs  and  groups,  successively  subordinate,  the  lower  to  the  higher, 

Hkethe  brigades,  regiments,  and  companies  of  an  army,  or  the  pro- 

nnces,  towns,  and  parishes  of  a  kingdom.     Species  are  included  in 

Qeacra,  Genera  in  Families  or  Orders,  and  orders  in  Classes.    The 

perception  that  there  is  some  connexion  among  the  species  of  plants, 

▼as  the  first  essential  step ;  the  detection  of  different  marks  and  cha- 

nKstere  which  should  give,  on  the  one  hand,  limited  groups,  on  the 

other,  comprehensive  divisions,  were  other  highly  important  parts  of 

^is  advance.     To  point  out  every  successive  movement  in  this  pro- 

P^^  would  be  a  task  of  extreme  difficulty,  but  we  may  note,  as  the 

JDOBt  prominent  portions  of  it,  the  establishment  of  the  groups  which 

^'^unediately  include  Species,  that  is,  the  formation  of  Genera;  and 

"^e  invention  of  a  method  which  should  distribute  into  consistent  and 

distinct  divisions  the  whole  vegetable  kingdom,  that  is,  the  construe- 

^onofa  System. 

To  the  second  of  these  two  steps  we  have  no  difficulty  in  assigning 

^  proper  author.     It  belongs  to  Cajsalpinus,  and  marks  the  first  great 

^poch  of  this  science.     It  is  less  easy  to  state  to  what  botanist  is  due 

^  ostablishment  of  Genera;  yet  we  may  justly  assign  the  greater 

^^^  of  the  merit  of  this  invention,  as  is  usually  done,  to  Conrad 

^^iier   of  Zurich.      This  eminent  naturalist,  after   publishing  his 

^'^t  work  on  animals,  died"  of  the  plague  in  1565,  at  the  age  of 

'^y-nine,  while  he  was  preparing  to  publish  a  History  of  Plants,  a 

*^^^el  to  his  History  of  Animals.     The  fate  of  the  work  thus  .eft  un- 


^   Sprengel,  L  270. 

^5ivier,  Zefons  tur  VHUt  des  Seieneet  Naturellet,  partie  ii  p.  198. 
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finished  was  remarkable.  It  fell  into  the  hands  of  his  pupil,  Gaspai 
Wolf,  who  was  to  have  published  it,  but  wanting  leisure  for  the  offii 
sold  it  to  Joachim  Camerarius,  a  physician  and  botanist  of  Nurembei 
who  made  use  of  the  engravings  prepared  by  Gessncr,  in  an  Epitoi 
which  he  published  in  1586.  The  text  of  Gessner's  work,  after 
ing  throngh  various  hands,  was  published  in  1754  under  the  title  ^>^ 
Gessneri  Opera  Botanica  per  duo  Stxcula  desideratOj  ttc^  but  is  t^x^ 
incomplete. 

The  imperfect  state  in  which  Gessner  left  his  botanical  labors^ 
makes  it  necessary  to  seek  the  evidence  of  his  peculiar  views  in  soat- 
tered  passages  of  his  correspondence  and  other  works.    One  of   Ixm 
great  merits  was,  that  he  saw  the  peculiar  importance  of  the  flo'wer 
and  fruit  as  affording  the  characters  by  which  the  affinities  of  pUukts 
were  to  bo  detected;  and  that  he  urged  this  view  upon  his  contempo- 
raries.   His  plates  present  to  us,  by  the  side  of  each  plant,  its  flo'wer 
and  its  fruit,  carefully  engraved.    And  in  his  conununications  with  bis 
botanical  correspondents,  he  repeatedly  insists  on  these  parts.    Tbns* 
in  1565  he  writes  to  Zuinger  concerning  some  foreign  plants  whidi 
the  latter  possessed :  "  Tell  me  if  your  plants  have  fruit  and  flower,  •• 
well  as  stalk  and  leaves,  for  those  are  of  much  the  greater  con»^ 
quence.    By  these  three  marks, — flower,  fruit,  and  seed, — ^I  find  th** 
Saxifraga  and  Consolida  Regalis  are  related  to  Aconite."    These  cb»- 
racters,  derived  from  the  fruciijication  (as  the  assemblage  of  flo^^ 
and  fruit  is  called),  are  the  means  by  which  genera  are  established,  *^ 
hence,  by  the  best  botanists,  Gessner  is  declared  to  be  the  inventor  o» 
genera.* 


*  EpittolcB,  foL  118  a;  see  nlso  foL  65  b. 

•  Holler,  Bihlio  JSotaniea,  i.  284.  Methodi  BotaniciB  rationem  primus  peX^^ 
dit ; — dari  nempe  et  genera  quos  plures  species  comprehendereDt  et  claase^  4^" 
multa  genera.  Varios  etiam  classes  naturales  exprcssit  Characterem  ia  ^^"^ 
inque  semine  poeuit,  <bc. — Rauwdfio  Socio  Epiit.  Wolf,  p.  39. 

Linneeus,  Genera  Plantarum,  Pref.  xiii  "  A  fmctificatione  plantas  diBtb^^**^ 
in  genera,  infinit»  sapientise  placuisse,  detexit  posterior  SBtas,  et  quidempri^^'^ 
sncaH  sui  ornamentnm,  Conrados  Gessnerus,  uti  patet  ex  Epistolis  ejna  po*** 
mis,  et  Tabulis  per  Carmerarium  editis." 

Cuvier  says  {Hitt  det  Se.  Nat.  2«  p»,  p.  193),  after  speaking  to  the  same  ^^^^ 
"  n  fit  voir  encore  que  toutes  les  plantes  qui  ont  des  fleurs  et  des  fruits  w**^,^^ 
bles  se  ressemblent  par  leurs  propri^t6s,  et  que  quand  on  rapproohe  ces  P^-^^^-^-i 
on  obtient  ainsi  une  olossification  naturelle."    I  do  not  know  if  h%  here  r^^ 
to  any  particular  passages  of  Gessner's  work. 
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The  labors  of  Gcssner  in  botany,  both  on  account  of  the  unfinished 

«iate  in  which  he  left  the  application  of  his  principles,  and  on  account 

of  the  absence  of  any  principles  manifestly  applicable  to  the  whole 

extent  of  the  vegetable  kingdom,  can  only  be  considered  as  a  prelude 

to  the  epoch  in  which  those  defects  were  supplied.    To  that  epoch  we 


Sect.  2.— Epoch  of  Ccesalpinus, — Formation  of  a  System  of  Arrange- 
ment. 

If  any  one  were  disposed  to  question  whether  Natural  History  trulv 
belongs  to  the  domain  of  Inductive  Science ; — ^whether  it  is  to  be 
prosecnted  by  the  same  methods,  and  requires  the  same  endowments 
of  mind  as  those  which  lead  to  the  successful  cultivation  of  the  Physi- 
cal Sciences, — the  circumstances  under  which  Botany  has  made  its 
tdvance  appear  fitted  to  remove  such  doubts.    The  first  decided  stop 
in  this  study  was  merely  the  construction  of  a  classification  of  its  sub- 
jects.   We  shall,  I  trust,  be  able  to  sRow  that  such  a  cliissification 
ittclndes,  in  reality,  the  establishment  of  one  general  principle,  and 
leads  to  more.    But  without  here  dwelling  on  this  point,  it  is  worth 
'iotice  that  the  person  to  whom  we  owe  this  classification,  Andreas 
Caesalpinus  of  Arczzo,  was  one  of  the  most  philosophical  men  of  his 
^wie,  profoundly  skilled  in  tlie   Aristotelian  lore   which  was  then 
**teemed,  yet  gifted  with  courage  and  sagacity  which  enabled  him  to 
^eigh  the  value  of  the  Peripatetic  doctrines,  to  reject  what  seemed 
error,  and  to  look  onwards  to  a  better  pliilosophy.    "  How  are  we  to 
understand,"  he  inquires,  "  that  we  must  proceed  from  universals  to 
particulars  (as  Aristotle  directs),  when  particulars  are  better  known  ?"* 
^Gt  he  treats  the  Master  with  deference,  and,  as  has  been  observed,' 
^^  see  in  his  great  botanical  work  deep  traces  of  the  best  features  of 
*^^  Aristotelian  school,  logic  and  method ;  and,  indeed,  in  this  work 
"®  frequently  refers  to  his  QucBsiiones  Peripateticce,     Ilis  book,  entitled 
^^  -f^laniis  libri  xvi.  appeared  at  Florence  in  1583.     The  aspect  under 
^hieli  his  task  presented  itself  to  his  mind  appears  to  me  to  possess  so 
'**^ch  interest,  that  I  will  transcribe  a  few  of  his  reflections.     After 
speaking  of  the  splendid  multiplicity  of  the  productions  of  nature,  and 
^^  Confusion  which  has  hitherto  prevailed  among  writers  on  plants, 


Quoutumet  Peripateticce,  (\ 6^0,)  lib.  I  quiest.  I  '  Cuvier,  p.  198. 
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Iho  growing  treasures  of  the  botanical  world;   he   adds,*  "In  1^-^a_x^ 
immense  multitude  of  plants,  I  see  that  want  which  is  most  felt  in  a^Kzn^ 
other  unordered  crowd :  if  such  an  assemblage  be  not  arranged  ii^  ^to 
brigades  like  an  army,  all  must  be  tumult  and  fluctuation.     And  tk^is 
accordingly  happens  in  the  treatment  of  plants :  for  the  mind  is  oy^^r- 
whelmed  by  the  confused  accumulation  of  things,  and  thus  arise  endl^^os 
mistake  and  angry  altercation.*'     He  then  states  his  general  Ti^^vr, 
which,  as  we  shall  sec,  was  adopted  by  his  successors.     "  Sina  ^mII 
science  consists  in  the  collection  of  similar^  and  tlie  distinction  of  di9^~ 
milar  things,  and  since  the  consequence  of  this  is  a  distribution  into 
genera  and  species,  which  arc  to  be  natural  classes  governed  by  real 
differences^  I  have  attempted  to  execute  this  task  in  the  whole  xan^e 
of  plants ; — ut  si  quid  pro  ingenii  mei  tenuitate  in  hujusmodi  «tai<3k> 
profecerim,  ad  communem  utilitatem  profcram.*'     We  see  here  liow 
clearly  he  claims  for  himself  the  credit  of  being  the  first  to  ezecnte  tJiis 
task  of  arrangement. 

After  certain  preparatory  speculations,  he  says,*  "Let  m  no^ 
endeavor  to  mark  the  kinds  of  plants  by  essential  circumstances  ^ 
the  fructification."  He  then  observes,  "  In  the  constitution  of  GtgBSOiM 
three  things  are  mainly  important — the  number,  the  position,  tb' 
figure."  And  he  then  proceeds  to  exemplify  this :  "Some  have  nnd^* 
one  flower,  onb  seed,  as  Amygdala,  or  one  wied-receptacUj  as  Bos^  i 
or  TWO  seeds,  as  Ferularia,  or  two  seed-rec^^tec/M,  as  NMShtrtms^^  i 
or  three,  as  the  Tithymalum  kind  have  three  seeds^  the  BuUxM/C^^ 
THREE  receptacles ;  or  four,  as  Marruhium,  four  seeds^  Siler  fo*?^' 
receptacUs  ;  or  more,  as  Cicoracece,  and  Acanaceoe  have  more  se^^^ 
Pinus,  MORE  receptacles^ 

It  will  be  observed  that  wo  have  here  ten  classes  made  out  by  me^** 
of  number  alone,  added  to  the  consideration  of  whether  the  seed  * 
alone  in  its  covering,  as  in  a  cherry,  or  contained  in  a  receptacle  ^^i*^ 
several  others,  as  in  a  berry,  pod,  or  capsule.  Several  of  these  diviftio** 
are,  however,  further  subdivided  according  to  other  circumstances^  jrf** 
especially  according  as  the  vital  part  of  the  seed,  which  he  called  "t*** 
heart  {cor^^),  is  situated  in  the  upper  or  lower  part  of  the  seed,  -^* 
our  object  here  is  only  to  indicate  tlie  principle  of  the  method  ^^ 
Casalpinus,  I  need  not  further  dwell  on  the  details,  and  still  less  on  ^** 
defects  by  which  it  is  disfigured,  as,  for  instance,  the  retention  of  '^  ■** 
old  distinction  of  Trees,  Shrubs,  and  Herbs. 


'  Dcdicatio,  a  2.  *  Lib.  I  o.  13,  14.  '^  Cwrculum,  of  ! 
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S 
To  some  persons  it  may  appear  thartliis  arbitrary  distribution  of  the 
^table  kingdom,  according  to  the  number  of  parts  of  a  particula*- 
nd,  cannot  deserve  to  be  spoken  of  as  a  great  discovery.  And  if, 
deed,  the  distribution  had  been  arbitrary,  this  would  have  been  true ; 
le  real  merit  of  this  and  of  every  other  system  is,  that  while  it  is  artifi- 
al  in  its  form,  it  is  natural  in  its  results.  The  plants  which  are  asso- 
ated  hy  the  arrangement  of  Cscsalpinus,  are  those  which  have  the 
losest  resemblances  in  the  most  essential  points.  Thus,  as  Linnaeus 
lys,  though  the  first  in  attempting  to  form  natural  orders,  he  observed 
I  many  as  the  most  successful  of  later  writers.  Thus  his  Legtimina^^ 
orrespond  to  the  natural  order  Leguminosa  ;  his  genus  Ferulaceum^^ 
>  the  Umhellatce ;  his  Bulbacecs^*  to  lAliacece ;  his  Anthemides^*  U 
ie  Compositce;  in  like  manner,  the  Boraginece  are  brought  together," 
nd  the  Labia  ice.  That  such  assemblages  are  produced  by  the  fippli- 
atioD  of  his  principles,  is  a  sufficient  evidence  that  they  have  their 
mndation  in  the  general  laws  of  the  vegetable  world.  If  this  had 
ot  been  the  case,  the  mere  application  of  number  or  figure  alone  as  a 
tandard  of  arrangement,  would  have  produced  only  intolerable  ano- 
*^ic8.  If,  for  instance,  Cacsalpinus  had  arranged  plants  by  the  num- 
er  of  flowers  on  the  same  stalk,  he  would  have  separated  individuals 
f  the  same  species;  if  he  had  distributed  them  according  to  the  num- 
^^  of  leaflets  which  compose  the  leaves,  he  would  have  had  to  place 
^  asunder  diflfcrent  species  of  the  same  genus.  Or,  as  he  himself 
^ys,"  "  If  we  make  one  genus  of  those  which  have  a  round  root,  as 
•^pum,  Aristolochia,  Cyclaminns,  Atoii,  we  shall  separate  from  this 
^^ti8  those  which  most  agree  with  it,  as  Napum  and  Raphanum, 
^ich  resemble  Rapum,  and  the  long  Aristolochia,  which  resem- 
^^s  the  round ;  while  we  shall  join  the  most  remote  kinds,  for  the 
^ture  of  Cyclarainus  and  Rapum  is  altogether  diverse  in  all  other 
'^ects.  Or  if  we  attend  to  the  diflferences  of  stalk,  so  as  to  make 
^G  genus  of  those  which  have  a  naked  stalk,  as  the  Junci,  Caepe, 
Placav,  along  with  Cicoracea^,  Viola?,  we  shall  still  connect  the  most 
^like  things,  and  disjoin  the  closest  affinities.  And  if  we  note  the 
Qerences  of  leaves,  or  even  flowers,  we  fall  into  the  same  difficulty ; 
^  many  plants  very  different  in  kind  have  leaves  very  similar,  as 
^lygonura  and  Hypericum,  Ernea  and  Sesamois,  Apium  and  Ranun- 
**a8;  and  plants  of  the  same  genus  have  sometimes  very  different 


»  Lib.  vi  »  Lib.  viL  »  Lib.  x.  "  LiU  xii. 

"  Lib.  XL  '"  Lib.  i.  cap.  xil  p.  25. 


376  HISTORY  OP  BOTANY. 

leaves,  as  the  several  species  of  Ranunculus  and  of  Lactuca.  Nor  ^«-i| 
color  or  shape  of  the  flowers  help  us  better ;  for  what  has  Vitis  in  c<^i:k2. 
mon  with  (Enanthc, except  the  resemblance  of  the  flower?"  Hetlx^^i 
goes  on  to  say,  that  if  we  seek  a  too  close  coincidence  of  all  the  c^lij^ 
racters  we  shall  have  no  Species ;  and  thus  shows  us  that  he  had  clea^Jy 
before  his  view  the  difficulty  which  he  had  to  attack,  and  which  it  is 
his  glory  to  have  overcome,  that  of  constructing  Natural  Orders. 

But  as  the  principles  of  Cscsalpinus  are  justified,  on  the  one  hand, 
by  their  leading  to  Natural  Orders^  they  are  recommended  on  the 
other  by  their  producing  a  System  which  applies  through  the  whole 
extent  of  the  vegetable  kingdom.  The  parts  from  which  he  takes  his 
characters  must  occur  in  all  flowering-plants,  for  all  such  plants  hare 
seeds.  And  these  seeds,  if  not  very  numerous  for  each  flower,  will  be 
of  a.  certain  definite  number  and  orderly  distribution.  And  thai 
every  plant  will  fall  into  one  part  or  other  of  the  same  system. 

It  is  not  difficult  to  point  out,  in  this  induction  of  Cajsalpinua,  the 
two  elements  which  we  have  so  often  declared  must  occur  in  all 
inductive  processes ;  the  exact  acquaintance  with  facts,  and  the  gene- 
ral and  applicable  ideas  by  which  these  facts  are  brought  together. 
Cffisalpinus  was  no  mere  dealer  in  intellectual  relations  or  learned  tra- 
ditions, but  a  laborious  and  persevering  collector  of  plants  and  of  bota- 
nical knowledge.     "For  many  years,'' he  says  in  his  Dedication/'* 
have  been  pursuing  my  researches  in  various  regions,  habitually  visit-       \ 
ing  the  places  in  which  grew  the  various  kinds  of  herbs,  shrubs,  and       ] 
trees;  I  have  been  assisted  by  the  labors  of  many  friends,  and  by  g*^* 
dens  established  for  the  public  benefit,  and  containing  foreign  pla^^** 
collected  from  the  most  remote  regions."     lie  here  refers  to  the  fi*^ 
garden  directed  to  the  public  study  of  Botany,  which  was  that  ^^ 
Pisa,"  instituted  in  1543,  by  order  of  the  Grand  Duke  Cosmo  ^^ 
First.     The  management  of  it  was  confided  first  to  Lucas  Ghini,  *^ 
afterwards  to  Cocsalpinus.     He  had  collected  also  a  herbarium  of  d^^ 
plants,  which  he  calls  the  mdimcnt  of  his  work.     "  Tibi  enim,**  ^ 
says,  in  his  dedication  to  Francis  Medici,  Grand  Duke  of  Etrti^^ 
" apud  quern  extat  ejus  rudimontum  ex  plantis  libro  agglutinatis  »  ^'^. 
compositum."     And,  throughout,  he  speaks  with  the  most  familiar  ^""^ 
vivid  acquaintance  of  the  various  vegetables  which  he  describes. 

But  Ca?salpinus  also  possessed  fixed  and  general  views  concert*^     ° 
the  relation  and  functions  of  the  parts  of  plants,  and  ideas  of  symni^'^' 

^'*  Cuv.  187. 
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;em ;  without  which,  as  we  see  in  other  botanists  of  his  and 
ng  times,  the  mere  accumulation  of  a  knowledge  of  details 
lead  to  any  advance  in  science.  We  have  already  mentioned 
cnce  to  general  philosophical  principles,  both  of  the  Peripate- 
of  his  own.  The  first  twelve  chapters  of  his  work  are  em- 
n  explaining  the  general  structure  of  plants,  and  especially 
it  to  which  he  justly  attaches  so  much  importance,  the  results 
lifferent  situation  of  the  cor  or  corculum  of  the  seed.  He 
that  if  we  take  the  root,  or  stem,  or  leaves,  or  blossom,  as  our 

classification,  we  shall  separate  plants  obviously  alike,  and 
aate  those  which  have  merely  superficial  resemblances.  And 
see  that  he  had  in  his  mind  ideas  of  fixed  resemblance  and 
•ical  distribution,  which  he  sedulously  endeavored  to  apply  to 
while  his  acquaintance  with  the  vegetable  kingdom  enabled 
«e  in  what  manner  these  ideas  were  not,  and  in  what  manner 
re,  really  applicable, 
jrcat  merit  and  originality  of  Cajsalpinus  have  beeYi  generally 

by  the  best  of  the  more  modem  writers  on  Botany.  Lin- 
lis  him  one  of  the  founders  of  the  science;  "Primus  verus 
jcus ;''  '•  and,  as  if  not  satisfied  with  the  expression  of  his 
on  in  prose,  hangs  a  poetical  garland  on  the  tomb  of  his  hero. 
)wing  distich  concludes  his  remarks  on  this  writer : 

Quisquis  hie  extiterit  primos  concedet  honores 
Cscsalpine  tibi ;  primaque  serta  dabit : 

lar  language  of  praise  has  been  applied  to  him  by  the  best 
i  up  to  CuvicT,'*'  who  justly  terms  his  book  "  a  work  of  genius." 
.ps  the  great  advance  made  in  this  science  by  Cajsalpinus,  is 
ongly  shown  by  this  ;  that  no  one  appeared,  to  follow  the  path 
e  had  opened  to  system  and  symmetry,  for  nearly  a  century, 
r,  when  the  progress  of  this  branch  of  knowledge  was  resumed, 
successor,  Morison,  did  not  choose  to  acknowledge  that  he 
rowed  so  much  from  so  old  a  writer ;  and  thus,  hardly  men- 
name,  altliough  he  takes  advantage  of  his  labors,  and  even 
>es  his  words  without  acknowledgement,  as  I  shall  show.  The 
twccn  the  great  invention  of  Caisalpinus,  and  its  natural  sequel, 
lopement  and  improvement  of  his  method,  is  so  marked,  that  1 


.  cap.  xii.  "  Philosoph,  Bol.  p.  19.  ^  Cuv.  Hist.  198. 
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will,  in  order  to  aroid  too  great  an  interruption  of  chronological  (^^|i. 
record  some  of  its  circumstances  in  a  separate  section. 


Sect,  3, — Stationary  Interval. 

The  method  of  Ca»salpinas  was  not,  at  first,  generally  adopted.  It 
had,  indeed,  some  disadvantages.  Employed  in  drawing  the  boandaiy- 
lines  of  the  larger  divisions  of  the  vegetable  kingdom,  he  had  omitted 
those  smaller  groups,  Genera,  which  were  both  most  obvious  to  com- 
mon botanists,  and  most  convenient  in  the  description  and  comparison 
of  plants.  He  had  also  neglected  to  give  the  Synonyms  of  other 
autiiors  for  the  plants  spoken  of  by  him ;  an  appendage  to  botanical 
descriptions,  which  the  increase  of  botanical  information  and  botanical 
books  had  now  rendered  indispensable.  And  thus  it  happened,  that  a 
work,  which  must  always  be  considered  as  forming  a  great  q)och  in 
the  science  to  which  it  refers,  was  probably  little  read,  and  in  a  short 
time  could  be  treated  as  if  it  were  quite  forgotten. 

In  the  mean  time,  the  science  was  gradually  improved  in  its  details- 
Clusius,  or  Charles  de  rEcluse,  first  taught  botanists  to  describe  well. 
"Before  him,"  says  Mirbel,'*  **the  descriptions  were  ditfuse,  obscorCy 
indistinct;   or   else   concise,  incomplete,  vague.     Clusius  introdoceo 
exactitude,  precision,  neatness,  elegance,  method  :   he   says  notluiig 
superfluous ;  he  omits  nothing  necessary."     He  travelled  over  grea* 
part  of  Europe,  and  published  various  works  on  the  more  rare  of  tb^ 
plants  which  he  had  seen.     Among  such  plants,  we  may  note  nowoo* 
well  known,  the  potato  ;  which  he  describes  as  being  commonly  used  i*^ 
Italy  in  158G;"  thus  throwing  doubt,  at  least,  on  the  opinion  ^rti<^ 
ascribes  the  first  introduction  of  it  into  Europe  to  Sir  Walter  Ralcig*^ 
on  his  return  from  Virginia,  about  the  same  penod.     As  serving   "^ 
illustrate,  both  this  point,  and  the  descriptive  style  of  Clusius,  I  quot^ 
in  a  note,  his  description  of  the  flower  of  this  plant." 


j 


'*  Physiol.  Vcg.  p.  525.  "  Clusius.     Exotic,  iv.  c.  52,  p.  brnX- 

"  "  Papas  Peruanorum.    Arachidna,  Theoph.   forte.    Flores  elegantes,  uO^*** 
lis    ampliiudinis    aut    majorcs,  angulosi,  singulari  folio  constantcs,  aed    ' 
complicato  ut  quinque  folia  discrcta  vidcantur,  colons  extcrius  ex  purp"** 
candicantis,  interius  purpurascentis,  radiis  quinque  herbaccis  ex  umbilico  ^t^ 
instar  prodcuntibus,  et  totidcm  starninibus  flavis  in  umboncm  coeuntibos.**  . 

lie  says  that  the  Italians  do  not  know  whence  they  had  the  plant,  and  *'^*a 
they  call  it  Taratouffli.  The  name  Potato  was,  in  England,  previously  app  • 
to  the  Sweet  Potato  (Convolvulus  batatas),  which  was  the  commtm  Pota^^-^* 
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le  addition  of  exotic  species  to  the  number  of  known  plants  was 
ed  going  on  rapidly  during  the  interval  which  we  are  now  con- 
ing. Francis  Hernandez,  a  Spaniard,  who  visited  America  towards 
and  of  the  sixteenth  century,  collected  and  described  many  plants 
lat  country,  some  of  which  were  afterwards  published  by  Recchi."* 
Qabas  Cobo,  who  went  as  a  missionary  to  America  in  1506,  also 
ribed  plants.^*  The  Dutch,  among  other  exertions  which  they 
le  m  their  struggle  with  the  tyranny  of  Spain,  sent  out  an  expedi- 

which,  for  a  time,  conquered  the  Brazils ;  and  among  other  fruiti 
his  conquest,  they  published  an  account  of  the  natural  history  of 
country .*•    To  avoid  interrupting  the  connexion  of  such  labors,  I 

here  cany  them  on  a  little  further  in  the  order  of  time.  Paul 
man,  of  Halle,  in  Saxony,  went  to  the  Cape  of  Good  Hope  and  to 
Ion ;  and  qn  his  return,  astonished  the  botanists  of  Europe  by  the 
i  quantity  of  remarkable  plants  which  he  introduced  to  their  know- 
je.**    Rheede,  the  Dutch  governor  of  Malabar,  ordered  descriptions 

drawings  to  be  made  of  many  curious  species,  which  were  pub- 
ed  in  a  largo  work  in  twelve  folio  volumes."  Rumphe,  another 
:ch  consul  at  Amboyna,"  labored  with  zeal  and  success  upon  the 
Its  of  the  Moluccas.  Some  species  which  occur  in  Madagascar 
red  in  a  description  of  that  islaud  composed  by  the  French  Com- 
idant  Flacourt.**  Shortly  afterwards,  Engelbert  Kasmpfer,"  a 
stphalian  of  great  acquirements  and  undaunted  courage,  visited 
sia,  Arabia  Felix,  the  Mogul  Empire,  Ceylon,  Bengal,  Sumatra, 
a^  Siara,  Japan ;  Whelcr  travelled  in  Greece  and  Asia  Minor;  and 
rard,  the  English  consul,  published  an  account  of  the  plants  of  the 
^hborhood  of  Smyrniu 


Action  to  the  Virg'minu  Potatx),  lit  the  time  of  Gerard's  Herbal.  (1597  f) 
ftrd's  figures  of  both  pintita  arc  copied  from  those  of  Clusius. 
may  be  seen  by  the  description  of  Arachidna,  already  quoted  from  Theo- 
istos,  (above,)  that  there  is  little  plausibility  in  Clusius's  conjecture  of  the 
t  being  known  to  the  ancients.  I  need  not  inform  the  botanist  that  this 
ion  is  untenable. 

**  Nova  Plantarxtm  Regni  Mexicana  Hiatoria^  Rom.  1661,  foL 
*  Sprengel,  Oetc/t.  der  Botanik,  ii.  62. 

"  Hittoria  Naturalis  Brasilia,  L.  B.  1648,  foL  (Piso  and  Marcgraf ). 
*^  Museum  Zeylanicum,  L.  B.  1726. 
"  Horins  Malaharicus,  1 670-1703. 
"  Herbarium  Amboincnse,  Amsterdam,  1741-51,  foL 
"  UUtoire  de  la  grande  Me  Madagaecar,  Paris,  1661. 
"  Amcenitaiei  Exotica^  I^mgov.  1712.     4to. 
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At  the  same  time,  the  New  World  excited  also  the  curiosity    ^f 
botanists.     Hans  Sloane  collected  the  plants  of  Jamaica ;  John  Ba^^iis. 
ter  those  of  Virginia;    William  Vernon,  also  an  Englishman,  and 
David  Kriege,  a  Saxon,  those  of  Marj-land ;  two  Frenchmen,  Sariaii 
and  Father  Plumier,  those  of  Saint  Domingo. 

We  may  add  that  public  botanical  gardens  were  about  this  time 
established  all  over  Europe.     We  have  already  noticed  the  institution 
of  that  of  Pisa  in  1643  ;  the  second  was  that  of  Padua  in  1545;  the      W^ 
next,  that  of  Florence  in  1556 ;  the  fourth,  that  of  Bologna,  1568;      |k 
that  of  Rome,  in  the  Vatican,  dates  also  from  1 568. 

The  first  transalpine  garden  of  this  kind  arose  at  Leyden  in  1577 ; 
that  of  Leipzig  in  1580.  Henry  thx?  Fourth  of  France  established  one 
at  Montpellicr  in  1597.  Several  others  were  instituted  in  GenMiy; 
but  that  of  Paris  did  not  begin  to  exist  till  1626  ;  that  of  Upsal,  after- 
wards so  celebrated,  took  its  rise  in  1657,  that  of  Amsterdam  in  1684. 
Morison,  whom  we  shall  soon  have  to  mention,  calls  himself,  in  1680, 
the  first  Director  of  the  Botanical  Garden  at  Oxford. 

[2nd  Ed.]  [To  what  is  above  said  of  Botanical  Gardens  and  Botani- 
cal Writers,  between  the  times  of  CaDs.ilpinus  and  Morison,  I  may  ad^ 
a  few  circumstances.     The  first  academical  garden  in  France  was  thB* 
at  Montpellicr,  which  was  established  by  Peter  Richier  de  Bellcval,  *** 
the  end  of  the  sixteenth  century.      About  the  same  period,  rare  flowers 
were  cultivated  at  Paris,  and  pictures  of  them  made,  in  order  to  supply 
the  embroiderers  of  the  court-robes  with  new  patterns.     Thus  figupc* 
of  the  most  beautiful  flowers  in  the  garden  of  Peter  Robins  were  pal^ 
lished  by  the  court-embroiderer  Peter  Vallet,  in  1608,  under  thetitl^ 
of  Xf  Jardin  du  Roi  Henry  IV,     But  Robins'  works  were  of  gt^^ 
Hcrvicc  to  botany;  and  his  garden  assisted  the  studies  of  Renealm*^ 
(Paul  Rcneaulme),  whose  Specimen  Historice  Plantarum  (Paris,  161X  /♦ 
is  highly  spoken  of  by  the  best  botanists.     Recently,  Mr.  Robert  Bny^"^ 
has  named  after  him  a  new  genus  of  Iridccc  (Renealmia)  ;  addir^^' 
**  Dixi  in  memoriam  Pauli  Renealmi,  botanici  sui  ajvi  accuratissir**^ 
atqiie  staminum  primi  scrutatoris ;  qui  non  modo  eonim  numeram     ^^ 
Bituin,  scd  etiam  filamentorum  proportioncm  passim  descripsit,  et  ck^-  ^^ 
ractercm  tetradynamicum  siliquosarura  perspexit."    {Prodromus  Fh^^ 
Novce  Jlollandice,  p.  448.) 

The  oldest  Botanical  Garden  in  England  is  tliat  at  Hampton  CojM-  "*^ 
founded  by  Queen  Elizabeth,  and  much  enriched  by  Charles  II.  a^"^^ 
William  III.     (Sprengel,  Gesch.  d,  Bot,  vol.  ii.  p.  96.)] 

In  the  mean  time,  although  there  appeared  no  new  system  whi-  ^^ 


FOBICATION  OP  SYSTEMS.  881 

manded  the  attention  of  the  botanical  world,  the  feeling  of  the  im- 
luice  of  the  affinities  of  plants  became  continually  more  strong  and 
net 

obel,  who  was  botanist  to  James  the  First,  and  who  published  his 
fiuM  Adversaria  Nova  in  1671,  brings  together  the  natural  femi- 
)f  plants  more  distinctly  than  his  predecessors,  and  even  distinguishes 
Javier  states,'*)  monocotjledonous  from  dicotyledonous  plants ;  one 
le  most  comprehensivq  division-lines  of  botany,  of  which  succeeding 
s  discovered  the  value  more  completely.  Fabius  Columna,"  in 
\  gave  figures  of  the  fructification  of  plants  on  copper,  as  Gessner 
before  done  on  wood.  But  the  elder  Bauhin  (John),  notwith- 
ling  all  that  Cacsalpinus  had  done,  retrograded,  in  a  work  published 
U9,  into  the  less  precise  and  scientific  distinctions  of — trees  with 
;  with  berries ;  with  acorns ;  with  pods ;  creeping  plants,  gourds, 
and  no  clear  progress  towards  a  system  was  anywhere  visible 
Qg  the  authors  of  this  period. 

liile  this  continued  to  be  the  case,  and  while  the  materials,  thus 
tute  of  order,  went  on  accumulating,  it  was  inevitable  that  the 
which  Cffisalpinus  had  endeavored  to  remedy,  should  become 
5  and  more  grievous.  "  The  nomenclature  of  the  subject"*  was  in 
disorder,  it  was  so  impossible  to  determine  with  certainty  the  plants 
en  of  by  preceding  writers,  that  thirty  or  forty  different  botanists 
given  to  the  same  plant  almost  as  many  different  names.  Bauhin 
d  by  one  appellation,  a  species  which  Lobel  or  Matheoli  designated 
mother.  There  was  an  actual  chaos,  a  universal  confusion,  in 
ih  it  was  impossible  for  men  to  find  their  way."  We  can  the  bet- 
inderstand  such  a  state  of  things,  from  having,  in  our  own  time, 
another  classificatory  science,  Mineralogy,  in  the  very  condition  thus 
ribed.  For  such  a  stiitc  of  confusion  there  is  no  remedy  but  the 
)lishment  of  a  true  system  of  classification ;  which  by  its  real 
dation  renders  a  reason  for  the  place  of  each  species ;  and  which, 
le  fixity  of  its  classes,  affords  a  basis  for  a  standard  nomenclature, 
lally  took  place  in  Botany.  But  before  such  a  remedy  is  obtained, 
naturally  try  to  alleviate  the  evil  by  tabulating  the  synonyms  of 
ent  writers,  as  far  as  they  are  able  to  do  so.  The  task  of  con- 
ting  such  a  Synonymy  of  botany  at  the  period  of  which  we  speak, 
undertaken  by  Gaspard  Bauhin,  the  brother  of  John,  but  nineteen 
I  younger.     This  work,  the  Pinax  Theatri  Botanici^  was  printe<l 


"  Cut.  Leqons,  d'c.  198.  "  lb.  206.  »*  lb.  212. 
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the  Second ;  wno,  on  Lis  resbomtion,  summoned  Morison  to  England, 
where  he  became  Superintendent  of  the  Royal  Gardens,  and  also  of 
the  Botanic  Garden  at  Oxford.     In  1669,  he  published  Remarks  on  the 
Muiakes  of  the  two  Bauhins,  in  which  he  proves  that  many  plants  in 
the  Pinax  are  erroneously  placed,  and  shows  considerable  talent  for 
appredating  natural  families  and  genera.     His  great  systematic  work 
i^pcwed  from  the  University  press  at  Oxford  in  1680.     It  contains  a 
lyitem,  but  a  system,  Cuvier  says,"*  which  approaches  rather  to  a  natu- 
nl  method  than  to  a  rigorous  distribution,  like  that  of  his  predecessor 
Cnsalpinus,  or  that  of  his  successor  Ray.    Thus  the  herbaceous  plants 
we  divided  into  climbers,  leguminous,  siliquose,  unicapsalar,  hicapsular, 
ffieapsular,  quadricapsular,  quinquecapsular ;  this  division  being  cora- 
Mned  with  characters  derived  from  the  number  of  petals.    But  along 
vith  these  numerical  elements,  arc  introduced  others  of  a  loose  and  hete- 
'<>geneous  kind,  for  instance,  the  classification  of  herbs  as  lactescent  and 
.  ^'^ient.    It  is  not  unreasonable  to  say,  that  such  a  scheme  shows 
00  talent  for  constructing  a  complete  system  ;  and  that  the  most  dis- 
tinct part  of  it,  that  dependent  on  the  fruit,  was  probably  borrowed 
"^ni  Casalpinus.     That  this  is  so,  wcj  have,  I  think,  strong  proof;  for 
^ough  Morison  nowhere,  I  believe,  mentions  Caisalpinus,  except  in 
^^^  place  in  a  loose  enumeration  of  botanical  writers,*'  he  must  have 
'^^^e  considerable  use  of  his  work.     For  he  has  introduced  into  his 
own  prefiice  a  passage  copied  literally"  from  the  dedication  of  Cajsal- 
pinu^*  which  passage  we  have  already  quoted  (p.  3*74,)  beginning, 
Since  all  science  consists  in  the  collection  of  similar,  and  the  dis- 
junction of  dissimilar  things,"     And  that  the  mention  of  the  original 
**  not  omitted  by  accident,  appears  from  this ;  that  Morison  appro- 
pnatijs  also  the  conclusion  of  the  passage,  which  has  a  personal  refer- 
ence, "  Conatns  sum  id  prcestare  in  universa  plantarum  historia,  ut  si 
l^id  pro  ingenii  mei  ienuilate  in  hnjusmodi  studio  prof ecerim,  ad  com- 
^^nem  utilitatem  prof er rem P     Tliat  Morison,  thus,  at  so  long  an  inter- 
nal after  the  publication  of  the  work  of  Cajsalpinus,  bon'owed  from 
"^ni  without  acknowledgement^  and  adopted  his  system  so  as  to  inuti- 
**^  it,  proves  that  he  had  neither  the  temper  nor  the  talent  of  a  disco- 
^erer;  and  justifies  us  withholding  from  him  the  credit  which  belongs 
0  those,  who,  in  his  time,  resumed  the  great  underbikjng  of  construct- 
H  a  Vegetable  system. 

'^ong  those  whose  efforts  in  this  way  had  the  greatest  and  earliest 

^^v.  LegoM,  <kc.  p.  486.  *•  Pref.  p.  I  •»  Ih.  p.  iL 
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influence,  was  undoubtedly    our    countryman,  John    Ray,  who 
Fellow  of  Trinity  College,  Cambridge,  at  the  same  time  with  Tk^^j^^ 
Newton.    But  tliough  Cuvier  states"  that  Ray  was  the  model  of  the 
systematists  during  the  whole  of  the  eighteenth  century,  the  Germans 
claim  a  part  of  his  merit  for  one  of  their  countrymen,  Joachim  Jung; 
of  Lubeck,  professor  at  Hamburg."*    Concerning  the  principles  of 
this  botanist,  little  was  known  during  his  life.    But  a  manuscript  of 
his  book  was  communicated^  to  Ray  in  1660,  and  from  this  time  for- 
wards, says  Sprengel,  there  might  be  noticed  in  the  writings  of  Eng- 
lishmen, those  better  and  clearer  views  to  which  Jung's  principles 
gave  birth.     Five  years  after  the  death  of  Jung,  his  Daxotoopia 
Physica  was  published,  in  1662 ;  and  in  1678,  his  Isagoge  PKytoKO- 
pica.    But  neither  of  these  works  was  ever  much  read;  and  even 
Linnaeus,  whom  few  things  escaped  which  concerned  botany,  had,  in 
1771,  seen  none  of  Jung's  works. 

I  here  pass  over  Jung's  improvements  of  botanical  language,  lacl 
speak  only  of  those  which  he  is  asserted  to  have  suggested  in  tb« 
arrangement  of  plants.  He  examines,  says  Sprengel,"  the  value  €>^ 
characters  of  species,  which,  he  holds,  must  not  be  taken  from  to* 
thorns,  nor  from  color,  taste,  smell,  medicinal  effects,  time  and  plaxr< 
of  blossoming.  He  shows,  in  numerous  examples,  what  plants  vom^ 
be  separated,  though  called  by  a  common  njime,  and  what  must  t>< 
united,  thougli  their  names  are  several. 

I  do  not  see  in  this  much  that  interferes  with  the  originality  o'^ 
Ray's  method,"  of  which,  in  consequence  of  the  importance  ascril>«5<i 
to  it  by  Cuvier,  as  we  have  already  seen,  I  shall  give  an  account,  fc>> 
lowing  that  great  naturalist.**  I  confine  myself  to  the  ordina-^ 
plants,  and  omit  the  more  obscure  vegetables,  as  mushrooms,  mosft^^ 
ferns,  and  the  like. 

Such  plants  are  composite  or  simple.  The  composite  flowers  9X^ 
those  which  contain  many  florets  in  the  same  calyx.**  These  are  8al> 
divided  according  as  they  are  composed  altogether  of  complete  floret^ 


^  Lcfons  Hist.  Se.  p.  487.  *  Sprengel,  il  JT- 

*•  Ray  acknowledges  this  in  his  Index  Plant.  Agri  Cantab:  p.  87,  and  qiK>*** 
from  it  the  definifion  of  canlis. 
**  Sprengel,  ii.  29. 

*'  Methodua  Plantarum  Nova,  1682.     Jlistoria  Plantarum,  1686. 
**  Cuv.  Lemons  Hiat.  Se.  Nat,  488. 
**  Involuerum,  in  modem  terminology. 
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ilf  florets,  or  of  a  centre  of  complete  florets,  sorrouiided  by  a 
3rcnce  or  ray  of  demi-florets.  Sach  are  the  divisions  of  the 
ferce^  or  campantce, 

e  simple  flpwers,  the  seeds  are  nakedj  or  in  h  pericarp.  Those 
ked  seeds  are  arranged  according  to  the  namber  of  the  seeds, 
oay  be  one,  two,  three,  four,  or  more.  If  there  is  only  one,  no 
ion  is  requisite :  if  there  are  two,  Ray  makes  a  subdivision, 
ig  as  the  flower  has  five  petals,  or  a  continuous  corolla.  Here 
e  to  several  natural  families.  Thus,  the  flowers  with  two  seeds 
I  petals  are  the  UmheUiferoui  plants;  the  monopetalous  flow- 
i  two  seeds  are  the  SUHatm,  He  founds  the  division  of  four^ 
flowers  on  the  circumstance  of  the  leaves  being  opposite,  or 
e ;  and  thus  again,  we  have  the  natural  fianilies  of  AMperi/olim^ 
um,  &c^  which  have  the  leaves  alternate,  and  the  Verticillatm^ 
lo,  in  which  the  leaves  are  opposite.  When  the  flower  has 
lan  four  seeds,  he  makes  no  subdivision, 
uch  for  simple  flowers  with  naked  seeds.  In  those  where  the 
•e  surrounded  by  a  pericarp,  or  fruit,  this  fruit  is  large,  soft,  and 
md  the  plants  are  pomiferous ;  or  it  is  small  and  juicy,  and 
t  is  a  berry,  as  a  Gooseberry. 

e  fruit  is  not  juicy,  but  dry,  it  is  multiple  or  simple.  If  it  be 
we  have  the  leguminose  plants.  If  it  be  multiple,  the  form  of 
rer  is  to  be  attended  to.  The  flower  may  be  monopetalous,  or 
alouB,  or  peniapetalous,  or  with  still  more  divisions.  The  mo- 
ans may  be  regular  or  irregular  ;  so  may  the  ^tetrapetalous. 
^lar  tetrapetalous  flowers  are,  for  example,  the  Cruciferce,  as 
md  Cauliflower ;  the  irregular,  are  the  papilionaceous  plants, 
leans,  and  Yetchcs ;  and  thus  we  again  come  to  natural  fami- 
rhc  remaining  plants  are  divided  in  the  same  way,  into 
ith  imperfect,  and  those  with  perfect,  flowers.  Those  with 
ct  flowers  are  the  Grasses,  the  Bushes  {Junci),  and  the 
mong  those  with  perfect  flowers,  are  the  Palmacea,  and  the 
p. 
see  that  the  division  of  plants  is  complete  as  a  system ;  all 

must  belong  to  one  or  other  of  the  divisions.  Fully  to  ex- 
le  characters  and  further  subdivisions  of  these  families,  would 
wrrite  a  treatise  on  botany;  but  it  is  easily  seen  that  they 

the  subject  as  far  as  they  go. 

i  Ray  constructed  his  system  partly  on  the  fruit  and  partly  on 
irer ;  or  more  properly,  according  to  the  expression  of  Linneeus, 
^oL.  IL— 25. 
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comparing  his  earlier  with  his  later  system,  he  began  by  bei 
fructicistf  and  ended  by  being  a  corollist** 

As  we  have  said,  a  number  of  systems  of  arrangement  of  p 
were  published  about  this  time,  some  founded  on  the  fruity  som 
the  corolla,  some  on  the  calyx,  and  these  employed  in  various  i 
Rivinus*'  (whose  real  name  was  Bachman,)  classified  by  the  flc 
alone ;  instead  of  combining  it  with  the  fruit,  as  Ray  had  done." 
had  the  further  merit  of  being  the  first  who  rejected  the  old  divia 
of  woody  and  herbaceous  plants ;  a  division  which,  though  at  varii 
with  any  system  founded  upon  the  structure  of  the  plant,  was 
ployed  even  by  Tournefort,  and  only  finally  expelled  by  Linnaeus. 

It  would  throw  little  light  upon  the  history  of  botany,  csped 
for  our  purpose,  to  dwell  on  the  peculiarities  of  these  transitory 
tems.  Linnaeus,*'  after  his  manner,  has  given  a  classification  of  th 
Rivinus,  as  we  have  just  seen,  was  a  corollist,  according  to  the  n 
larity  and  number  of  the  petals ;  Hermann  was  afructicist,  Chri 
pher  Knaut*"  adopted  the  system  of  Ray,  but  inverted  the  order  o 
parts ;  Christian  Knaut  did  nearly  the  same  with  regard  to  tha 
Rivinus,  taking  number  before  regularity  in  the  flower.** 

Of  the  systems  which  prevailed  previous  to  that  of  Linnaju?,  T 
nefort's  was  by  far  the  most  generally  accepted.  Joseph  Pittoi 
Tournefoi-t  was  of  a  noble  family  in  Provence,  and  was  appoii 
professor  at  the  Jardin  du  Roi  in  1083.  His  well-known  travel 
the  Levant  are  interesting  on  other  subject  as  well  as  botany. 
Imiituiio  Rei  Iferbarice,  published  in  1700,  contains  his  metl 
which  is  that  of  a  corollist.  He  is  guided  by  the  regularity  or  im 
larity  of  the  flowers,  by  their  form,  and  by  the  situation  of  the  m 
tacle  of  the  seeds  below  the  calyx,  or  within  it.  Thus  his  classes 
— those  in  which  the  flowers  are  campaniform^  or  bell-shaped;  tl 
in  which  they  are  infundibuliform^  or  funnel-shaped,  as  Tobacco ;  t 
the  irregular  flowers,  as  the  Persona tcB,  which  resemble  an  anc 
mask  ;  the  Labiafa,  with  their  two  lips  ;  the  Cruciform  ;  the  Ro9i. 
with  flowers  like  a  rose ;  the  Umbclliferoc  ;  the  Canjophylleot^  as 


**  Ray  was  a  most  indastrions  herhalizer,  and  I  cannot  understand  on  y 
ground  Mirbel  asserts  {Phytiol.  Veg.,  torn.  ii.  p.  531,)  that  he  was  hettei 
quaintcd  with  books  than  with  plants. 

'"  Cuv.  Lecom,  491. 

*^  Historia  Generalit  ad  rem  fferharia7n,  1690. 

'*  Philos.  Bot  p.  21.  *•  Enumcratio  Plantarwn,  <fec.,  1687.        **  ^ 


REFORM  OF  LINNiBUS.  387 

Pink ;  the  lAliaceoi^  with  six  petals,  as  the  Tulip,  Narcissus,  Hya- 
cinth, Lily  ;  the  Papilioruicea,  which  are  l^uminous  plants,  the 
flower  of  jphich  resembles  a  butterfly,  as  Peas  and  Beans ;  and  finally, 
the  JnomalouSy  as  Violet,  Nasturtium,  and  others. 

Though  this  system  was  found  to  be  attractive,  as  depending,  in  an 
erident  way,  on  the  most  conspicuous  part  of  the  plant,  the  flower,  it 
%  easy  to  see  that  it  was  much  less  definite  than  systems  like  that  of 
Bifinos,  Hermann,  and  Ray,  which  were  governed  by  number.  But 
Toamefort  succeeded  in  giving  to  the  characters  of  genera  a  degree 
of  rigor  never  before  attained,  and  abstracted  them  in  a  separate  form. 
We  have  already  seen  that  the  reception  of  botanical  Systems  has 
depended  much  on  their  arrangement  into  Genera. 

Toumefort^s  success  was  also  much  promoted  by  the  author  insert* 
iig  in  his  work  a  figure  of  a  flower  and  fruit  belonging  to  each  genus ; 
•lid  the  figures,  drawn  by  Aubrict,  were  of  great  merit  The  study 
<i  botsny  was  thus  rendered  easy,  for  it  could  be  learned  by  turning 
wer  the  leaves  of  a  book.  In  spite  of  various  defects,  these  advantages 
gave  this  writer  an  ascendancy  which  lasted,  from  1700,  when  his 
hook  appeared,  for  more  tlian  half  a  century.  For  though  Linnaeus 
«6gan  to  publish  in  1735,  his  method  and  his  nomenclature  were  not 
generally  adopted  till  1760. 


CHAPTER  IV. 
The  Reform  of  LiNNiEUS. 


Sect,  1. — Introduction  of  the  Reform, 

i  ^Though,  perhaps,  no  man  of  science  ever  exercised  a  greater 

s^ay  than  Linnseua,  or  had  more  enthusiastic  admirers,  the  most 

^'^^lligent  botanists  always  speak  of  him,  not  as  a  great  discoverer, 

"^  as  a  judicious  and  strenuous  Reformer,     Indeed,  in  his  own  lists 

.   /^tanical  writers,  he  places  himself  among  the  "  Reformatores ;"  and 

t   ^^  Apparent  that  this  is  the  nature  of  his  real  claim  to  admiration ; 

^lie  doctrine  of  the  sexes  of  plants,  even  if  he  had  been  the  first  to 

^^t>lisli  it,  was  a  point  of  botanical  physiology,  a  province  of  the 
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science  which  no  one  would  select  as  the  peculiar  field  of  LiunaeusV 
glory ;  and  the  formation  of  a  system  of  arrangement  on  the  basis  ot 
this  doctrine,  though  attended  with  many  advantages,  was  not  aw 
improvement  of  any  higher  order  than  those  introduced  by  Ray  and 
Toumefort.    But  as  a  Reformer  of  the  state  of  Natural  History  in  his 
time,  LinnsBus  was  admirable  for  his  skill,  and  unparalleled  in  his 
success.    And  we  have  already  seen,  in  the  instance  of  the  refcmn  of 
mineralogy,  as  attempted  by  Mohs  and  Berzelius,  that  men  of  great 
talents  and  knowledge  may  fail  in  such  an  undertaking. 

It  is,  however,  only  by  means  of  the  knowledge  which  he  displ&yai 
and  of  the  beauty  and  convenience  of  the  improvements  which  he 
proposes,  that  any  one  can  acquire  such  an  influence -as  to  procure  hia 
suggestions  to  be  adopted.     And  even  if  original  circumstances  of 
birth  or  position  could  invest  any  one  with  peculiar  prerogatives  and 
powers  in  the  republic  of  science,  Karl  Linne  began  his  career  with  bo 
such  advantages.     His  father  was  a  poor  curate  in  Smaland,  a  province 
of  Sweden ;  his  boyhood  was  spent  in  poverty  and  privation ;  it  v»» 
with  great  difficulty  that,  at  the  age  of  twenty-one,  ho  contrived  to 
subsist  at  the  University  of  Upsal,  whither  a  strong  passion  for  natorsl 
history  had  urged  him.    Here,  however,  he  was  so  far  fortunate,  th«* 
Olaus  Rudbeck,  the  professor  of  botany,  committed  to  him  the  care  oi 
the  Botanic  Garden.*     The   perusal  of  the  works  of  VaiUant  a»^ 
Patrick  Blair  suggested  to  him  the  idea  of  an  arrangement  of  plaat*» 
formed  upon  the  sexual  organs,  the  stamens  and  pistils ;  and  of  volc3^ 
an  arrangement  he  published  a  sketch  in  1731,  at  the  age  of  twenty' 
four. 

But  we  must  go  forwards  a  few  years  in  his  life,  to  come  to  tl^^ 
period  to  which  his  most  important  works  belong.     University  ax»« 
family  quarrels  induced  him  to  travel ;  and,  after  various  changes  ^^* 
scene,  he  was  settled  in  Holland,  as  the  curator  of  the  splendid  botai^  ^' 
cal  garden  of  George  Clifford,  an  opulent  banker.     Here  it  was*  tb.^* 
he  laid  the  foundation  of  his  future  greatness.     In  the  two  years  ^^^ 
his  residence  at  Harlecamp,  he  published  nine  works.     The  firsl,  \M^^ 
Systema  Naiurce^  which   contained  a  comprehensive  sketch  of  tl^^ 
whole   domain  of  Natural  History,  excited  general  astonishment,  1^5 
the  acuteness  of  the  observations,  the  happy  talent  of  combination,  a"*^^ 
the  clearness  of  the  systematic  views.     Such  a  work  could  not  fail    "^^ 
procure  considerable  respect  for  its  author.     His  Hortus  Cliffartut^^^ 


*  SpreDgel,  ii  282.  «  Ibid.  284. 
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and  Mfua  CUffortiana  added  to  this  impression.  The  weight  which 
lie  liad  thus  acquired,  he  proceeded  to  use  for  the  improvement  of 
botany.  His  Fundamenta  Botanica  and  Bibliotheca  Botanicd  appeared 
in  1736;  his  Critica  Botanica  smdi  Genera  Plantarum  in  1737;  his 
Clam»  Plantarum  in  1738  ;  his  Species  Plantarum  was  not  publisheil 
till  1753 ;  and  all  these  wofks  appeared  in  many  successive  editions, 
naterially  modified. 

This  circulation  of  his  works  showed  that  his  labors  were  producing 
th^r  effect  His  reputation  grew ;  and  he  was  soon  enabled  to  exert 
apenonal,  as  well  as  a  literary,  influence,  on  students  of  natural  history. 
He  became  Botanist  Royal,  President  of  the  Academy  of  Sciences  at 
ftoekhohn,  and  Professor  in  the  University  of  TJpsal ;  and  this  office 
fce  held  for  thirty-six  years  with  unrivalled  credit ;  exercising,  by  means 
of  his  lectures,  his  constant  publications,  and  his  conversation,  an  extra- 
<»rdiiiary  power  over  a  multitude  of  zealous  naturalists,  belonging  to 
^^ery  part  of  the  world. 

In  order  to  understand  more  clearly  the  nature  and  effect  of  the 
wforms  introduced  by  Linnaeus  into  botany,  I  shall  consider  them  under 
^e  four  following  heads; — Terminology ^  Nomenclature^  Artificial 
System,  and  Natural  System, 

Sect.  2. — Linnasan  Reform  of  Botanical  Terminology, 

*T  must  he  recollected  that  I  designate  as  Terminology^  the  system  of 
^^^^^  employed  in  the  description  of  objects  of  natural  history ;  while 
^y  Nomenclature^  I  mean  the  collection  of  the  names  of  species.    The 

^orta  of  the  descriptive  part  of  botany  was  one  of  the  tasks  first 

^'^mpted  by  Linnaeus ;  and  his  terminology  was  the  instnmient  by 

*^*^Jch  his  other  improvements  were  effected. 
Though  most  readers,  probably,  entertain,  at  first,  a  persuasion  that 

^  ^Hter  ought  to  content  himself  with  the  use  of  common  words  in 

^'J*  common  sense,  and  feel  a  repugnance  to  technical   terms  and 

^^itrary  rules  of  phraseology,  as  pedantic  and  troublesome  ;  it  is  soon 

^^Hd,  by  the  student  of  any  branch  of  science  that,  without  technical 
,J^s  and  fixed  rules,  there  can  be  no  certain  or  progressive  knowledge. 

^  loose  and  infantine  grasp  of  common  language  cannot  hold  objects 
^ily  enough  for  scientific  examination,  or  lift  them  from  one  stage 
S^neralization  to  another.     They  must  be  secured  by   the  rigid 

^^^anism  of  a  scientific  phraseology.     This  necessity  had  been  felt  in 
^*xe  sciences,  from  the  earliest  periods  of  their  progress.     But  the 
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conviction  had  never  been  acted  upon  so  as  to  produce  a  distinct 
adequate  descriptive  botanical  language.  Jung,  indeed,'  had  s^n 
attempted  to  give  rules  and  precepts  which  should  answer  this  purpt 
but  it  was  not  till  the  Fundanienia  Botanica  appeared,  that  the  sde 
could  be  said  to  possess  a  fixed  and  complete  terminology. 

To  give  an  account  of  such  a  terminology,  .is,  in  fact,  to  gi?( 
description  of  a  dictionary  and  grammar,  and  is  therefore  what  cam 
here  be  done  in  detail.  Linnseus^s  work  contains  about  a  thoiua 
terms  of  which  the  meaning  and  application  are  distinctly  explairu 
and  rules  are  given,  by  which,  in  the  use  of  such  terms,  the  bote 
may  avoid  all  obscurity,  ambiguity,  unnecessary  prolixity  and  co 
plexity,  and  oven  inelegance  and  barbarism.  Of  course  the  grea 
part  of  the  words  which  LinnaDus  thus  recognized  had  previoo 
existed  in  botanical  writers ;  and  many  of  them  had  been  defined  ir 
technical  precision.  Thus  Jung*  had  already  explained  what  wai 
composite,  what  dk  pinnate  leaf;  what  kind  of  a  bunch  of  flowers  i 
spike,  a  panicle,  an  umbel,  a  corymb,  respectively.  Linnseus  exteiM 
such  distinctions,  retaining  complete  clearness  in  their  scparati 
Thus,  with  him,  composite  leaves  arc  further  distinguished  as  digits 
pinnate,  bipinnate^  pedate,  and  so  on ;  pinnate  leaves  are  abnipily 
or  with  an  odd  one,  or  with  a  tendril ;  they  are  pinnate  opposiU 
alternately,  interruptedly,  articulately,  decursively.  Again,  the  in 
rescence,  as  the  mode  of  assemblage  of  the  flowers  is  called,  may  I) 
tvft  (fasciculus),  a  head  (capituluni),  a  cluster  (racemus),  a  hu 
(thyrsus),  a  panicle,  a  spike,  a  catkin  (amentum),  a  corymb,  an  um 
a  cyme,  a  whorl  (verticiilus).  And  the  rules  which  he  gives,  thoi 
often  apparently  arbitrary  and  needless,  are  found,  in  practice,  to  be 
great  scr>ice  by  their  fixity  and  connexion.  By  the  good  fortune 
having  had  a  teacher  with  so  much  delicacy  of  taste  as  Linnaeus,  i 
situation  of  so  much  influence,  Botany  possesses  a  descriptive  langa 
which  will  long  stand  as  a  model  for  all  other  subjects. 

It  may,  perhaps,  appear  to  some  persons,  that  such  a  terminolog; 
we  have  here  described  must  be  enormously  cumbrous ;  and  t 
since  the  terms  are  arbitrarily  invested  with  their  meaning,  the  in^ 
tion  of  them  requires  no  knowledge  of  nature.  With  respect  to 
former  doubt,  we  may  observe,  that  technical  description  is,  in  real 
the  only  description  which  is  clearly  intelligible ;  but  that  techn 
language  cannot  be  understood  without  being  learnt  as  any  other  ' 


■  Isagoge  FhytoHopica,  1679.  *  Sprengel,  ii.  28. 
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guage  is  learnt ;  that  is,  the  reader  must  connect  the  terms  immedi- 
ately T?ith  his  own  sensations  and  notions,  and  not  mediately,  through 
a  verbal  explanation  ;  he  must  not  have  to  guess  their  meaning,  or  to 
discover  it  by  a  separate  act  of  interpretation  into  more  familiar  lan- 
guage as  often  as  they  occur.  The  language  of  botany  must  be  the 
botanist*s  most  £uniliar  tongue.  When  the  student  has  thus  learnt  to 
think  in  botanical  language,  it  is  no  idle  distinction  to  tell  him  that  a 
himch  of  grapes  is  not  a  cluster  ;  that  is,  a  thyrsus  not  a  raceme.  And 
the  tenninology  of  botany  is  then  felt  to  be  a  useful  implement,  not  an 
oppressive  burden.  It  is  only  tlie  schoolboy  that  complains  of  the  irk- 
Bomeness  of  his  grammar  and  vocabulary.  The  accomplished  student 
possesses  them  without  effort  or  inconvenience. 

As  to  the  other  question,  whether  the  construction  of  such  a  botanical 
grammifr  and  vocabulary  implies  an  extensive  and  accurate  acquaint- 
ttce  with  the  facts  of  nature,  no  one  can  doubt  who  is  familiar  with 
toy  descriptive  science.  It  is  true,  that  a  person  might  construct  an 
ttbitrary  scheme  of  distinctions  and  appellations,  with  no  attention  to 
D*taral  objects ;  and  this  is  what  shallow  and  self-confident  persons 
often  set  about  doing,  in  some  branch  of  knowledge  with  which  they 
we  imperfectly  acquainted.  But  the  slightest  attempt  to  use  such  a 
pbaseology  leads  to  confusion ;  and  any  continued  use  of  it  leads  to 
Jts  demolition.  Like  a  garment  which  docs  not  fit  us,  if  we  attempt 
to  work  in  it  we  tear  it  in  pieces. 

The  formation  of  a  good  descriptive  langujige  is,  in  fact,  an  induc- 
tile process  of  the  same  kind  as  those  which  we  have  already  noticed 
IQ  the  progress  of  natural  history.  It  requires  the  discovery  of  fixed 
characters,  which  discovery  is  to  be  marked  and  fixed,  Hke  other 
inductive  steps,  by  appropriate  technical  terms.  The  characters  must 
^  so  far  fixed,  that  the  things  which  they  connect  must  have  a  more 
permanent  and  real  association  than  the  things  which  they  leave  un- 
connected. If  one  bunch  of  grapes  were  really  a  racemus,  and  ano- 
^er  a  thyrsus,  according  to  the  definition  of  these  terms,  this  part  of 
^^  Linna^in  language  would  lose  its  value ;  because  it  would  no 
longer  enable  us  to  assert  a  general  proposition  with  respect  to  one 
^n<i  of  plants. 

Sect,  3. — Linncean  Reform  of  Botanical  Nomenclature, 

^  ^le  ancient  writers  each  recognized  kind  of  plants  had  a  distinct 
•^ame.     Xhe  establishment  of  Genera  led  to  the  practice  of  designating 
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Species  by  the  name  of  the  genus,  with  the  addition  of  a  "  phrase  "^  to 
distinguish  the  species.      These  phrases,  (expressed  in  Latin  ia    the 
ablative  case,)  were  such  as  not  only  to  mark,  but  to  describe   the 
species,  and  were  intended  to  contain  such  features  of  the  plant  as 
were  suflBcicnt  to  distinguish  it  from  others  of  the  same  genus.    But 
in  this  way  the  designation  of  a  plant  often  became  a  long  and  incon- 
venient assemblage  of  words.     Thus  different  kinds  of  Rose  were 
described  as, 

Rosa  campestris,  spitiiB  carens,  biflora  {Ro$a  (dpina.) 
Rosa  acnleata,  foliis  odoratis  snbtus  mbiginosis  {R,  eglanieria.) 
Roea  Carolina  fragranB,  foliis  medio  tenns  serratis  (R,  Carolina.) 
Rosa  sylvestris  yulgaris,  flore  odorato  incamato  (R,  eanina.) 

And  several  others.  The  prolixity  of  these  appellations,  their  vari^J 
in  every  different  author,  the  insuflSciency  and  confusion  of  the  ii* 
tinctions  which  they  contained,  were  felt  as  extreme  inconveniencoA 
The  attempt  of  Bauhin  to  remedy  this  evil  by  a  Synonymy,  had,  as  ^^ 
have  seen,  failed  at  the  time,  for  want  of  any  directing  principle;  tod 
was  become  still  more  defective  by  the  lapse  of  years  and  the  accunni- 
lation  of  fresh  knowledge  and  new  books.  Haller  had  proposed  to 
distinguish  the  species  of  each  genus  by  the  numbers  1,  2,  3,  and  so 
on  ;  but  botanists  found  that  their  memory  could  not  deal  with  such 
arbitrary  abstractions.  The  need  of  some  better  nomenclature  waa 
severely  felt. 

The  remedy  which  Linnaeus  finally  introduced  was  the  use  of  trivial 
names ;  that  is,  the  designation  of  each  species  by  the  name  of  the 
genus  along  with  a  sinr^le  conventional  word,  imposed  without  ft^T 
general  rule.     Such  names  are  added  above  in  parentheses,  to  the 
specimens  of  the  names  previously  in  use.     But  though  this  remedy 
was   found  to  be  complete  and  satisfactory,  and  is  now  univers^y 
adopted  in  every  branch  of  natural  histor\',  it  was  not  one  of  ^® 
reforms  which  Linnaeus  at  fii-st  proposed.      Perhaps  he  did  not  at  fi^ 
see  its  full  value ;  or,  if  he  did,  we  may  suppose  that  it  required  0J^^® 
self-confidence  than  he  possessed,  to  set  himself  to  introduce  and  cs!*^ 
bfish  ten  thousand  new  names  in  the  botanical  world.     Accordio^^* 
the  first  attempts  of  Linnaeus  at  the  improvement  of  the  nomencli>t^  ^ 
of  botany  were,  the  proposal  of  fixed  and  careful  rules  for  the  gef^^ 
name,  and  for  the  descriptive  phnise.     Thus,  in  his  Critica  Botaf^^^^^ 
he  gives  many  precepts  concerning  the  selection  of  the  names  of  c:^^^ 
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itended  to  secure  convenience  or  elegance.  For  instance,  that 
are  to  be  single  words ;  *  he  substitutes  atropa  for  bella  donna, 
leontodan  for  dens  leonis  ;  that  they  are  not  to  depend  upon  the 
3  of  another  genus,*  as  acriviola,  agrinumoides  ;  that  they  are  not* 
\  ^^sesquipedalia;"  and,  says  he,  any  word  is  sesquipedalian  to  me, 
h  has  more  than  twelve  letters,  as  kalophyllodendron,  for  which 
nbstitutes  calophyllon.  Though  some  of  these  rules  may  seem 
ntic,  there  is  no  doubt  that,  taken  altogether,  they  tend  exceed- 
,  like  the  labors  of  purists  in  other  languages,  to  exclude  extrava- 
e,  caprice,  and  barbarism  in  botanical  speech,, 
ic  precepts  which  he  gives  for  the  matter  of  the  "  descriptive 
je,"  or,  as  it  is  termed  in  the  language  of  the  Aristotelian  logi- 
,  the  "  differentia,"  arc,  for  the  most  part,  results  of  the  general 

that  the  most  fixed  characters  which  can  be  found  are  to  be 
;  this  rule  being  interpreted  according  to  all  the  knowledge  of 
»  which  had  then  been  acquired.  The  language  of  the  niles  was, 
)urse,  to  be  regulated  by  the  terminology,  of  which  we  have 
Aj  spoken. 

ius,  in  the  Critica  Bolanica,  the  name  of  a  plant  is  considered  as 
isting  of  a  generic  word  and  a  specific  phrase  ;  and  these  are,  ho 
*  the  right  and  left  hands  of  the  plant.  But  he  then  speaks  of 
^er  kind  of  name;  the  trivial  name,  which  is  opposed  to  the 
tific  Such  names  were,  he  says,*  those  of  his  predecessors,  and 
^ially  of  the  most  ancient  of  them.  Hitherto'*  no  rules  had  been 
i  for  their  use.  He  manifestly,  at  this  period,  has  small  regard 
lem.  "  Yet,"  he  says,  "  trivial  names  may,  perhaps,  be  used  on 
account, — that  the  differentia  often  turns  out  too  long  to  be  cou- 
nt in  common  use,  and  may  require  change  as  new  species  are 
vered.  However,"  he  continues,  "  in  this  work  we  set  such 
fi  aside  altogether,  and  attend  only  to  the  differentice" 
en  in  the  Sjyecies  Piantarum,  the  work  which  gave  general  cur- 
'  to  these  trivial  names,  he  does  not  seem  to  have  yet  dared  to 
>se  so  great  a  novelty.  They  only  stand  in  the  margin  of  the 
.  "  I  have  placed  them  there,"  he  says  in  his  Preface,  "  that, 
►ut  circumlocution,  we  may  call  every  herb  by  a  single  name ;  I 

done  this  without  selection,  which  would  require  more  time, 
I  beseech  all  sane  botanists  to  avoid  most  religiously  ever  pro- 


*hil.  Bot.  224.  •  lb.  228,  229.  *  lb.  262. 

b.  2«^>.  •  lb.  261.  "  lb.  260. 
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posing  a  trivial  name  without  a  sufficient  specific  distinction,  lest;    th 
science  should  fall  into  its  former  barbarism." 

It  cannot  be  doubted,  that  the  general  reception  of  these  trirul 
names  of  Linnsous,  as  the  current  language  among  botanists,  was  dui^ 
in  a  very  great  degree,  to  the  knowledge,  care,  and  skill  with  whjcii 
his  characters,  both  of  genera  and  of  species,  were  constructed.    The 
rigorous  rules  of  selection  and  expression  which  are  proposed  in  the 
Fujidamenta  Botanica  and  Critica  Botanica,  he  himself  conformed  io ; 
and  this  scrupulosity  was  employed  upon  the  results  of  immense 
labor.      <^  In  order  that  I  might  make  myself  acquainted  with  th^ 
species  of  plants,^'  he  says,  in  the  preface  to  his  work  upon  them,  **'  I 
have  explored  the  Alps  of  Lapland,  the  whole  of  Sweden,  a  part  c4 
Norway,  Denmark,  Germany,  Belgium,  England,  France :  I  have  ex* 
amined  the  Botanical  Gardens  of  Paris,  Oxford,  Chelsea,  Harlecamp* 
Leyden,  Utrecht,   Amstcrda'm,  TJpsal,  and  others:   I  have  turned 
over  the  Hcrbals  of  Burser,  Hermann,  Clifibrd,  Burmann,  Oldeo- 
land,  Gronovius,  Roycr,  Sloane,  Sherard,  Bobart,  Miller,  Toumefortr 
Vaillant,  Jussieu,  Surien,  Beck,  Brown,  <kc. :  my  dear  disciples  hav* 
gone  to  distant  lands,  and  sent  ine   plants   from    thence;    Kerlet^ 
to  Canada,  Ilasselquist  to  Egypt,  Asbech  to  China,  Toren  to  Sur»*» 
Solandcr  to  England,  Alstroemer  to  Southern  Europe,  Martin  to  Spit^' 
bergen,  Pontin  to  Malabar,  Kcehlcr  to  Italy,  Forskahl  to  the  Ea&*T 
La3fling  to  Spain,  Montin  to  Lapland  :  my  botanical  friends  have  seX*^ 
me  many  seeds  and  dned  plants  from  various  countries :  Lagerstr&^K^ 
many  from  the  East  Indies ;  Gronovius  most  of  the  Virginian ;  Gmel  *  "** 
all  the  Siberian;  Burmann  those  of  the  Cape."     And  in  consistence^ 
with  this  habit  of  immense  collection  of  materials,  is  his  maxim,"  th  ^^ 
"  a  person  is  a  better  botanist  in  proportion  as  he  knows  more  species  -* 
It  will  easily  be  seen  that  this  maxim,  like  Newton's  declaration  th-^^' 
discovery  requires  patient  tliought  alone,  refers  only  to  the  cxertio^^' 
of  which  the  man  of  genius  is  conscious ;  and  leaves  out  of  sight  h^    ^ 
peculiar  endowments,  which  he  does  not  sec  because  they  are  part  c^ — ^ 
his  power  of  vision.     AVith  the  taste  for  symmetry  which  dictated  ti 
Critica  Botanica^  and  the  talent  for  classification  which  appears  in 
Genera  Plantarum,  and  the  Sy  sterna  Nat  arm,  a  person  must  ui 
doubtedly  rise  to  higher  steps  of  cl;issificatory  knowledge  and  skill, 
he  became  acquainted  with  a  greater  number  of  facts. 

The  acknowledged  superiority  of  Linnanis  in  the  knowledge  of  tl 


"  Phil.  Bot.  259. 
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maUer  of  Iiis  soiciK'C,  iiiJiictHl  other  perMMis  to  deter  to  liiiii  in  what 
concerned  its  form;  especially  when  Ms  precepts  were,  for  the  most 
part,  recommended  strongly  both  by  convenience  and  elegance.  The 
trivial  names  of  the  Species  Plantarum  were  generally  received ;  and 
th<nigh  some  of  the  details  may  have  been  altered,  the  immense  advan- 
tage of  the  scheme  ensures  its  penianence. 

Sect  4. — LinncBus^s  Artificial  System, 

Wb  have  already  seen,  that,  from  the  time  of  C^salpinus,  botanists  had 

been  endeavoriDg  to  frame  a  systematic  arrangement  of  plants.     All 

nch  irrangemeDts  were  necessarily  both  artificial  and  natural :  they 

^'oe  artificud,  inasmuch  as  they  depended  upon  assumed  principles, 

^  nmnber,  form,  and  position  of  certain  parts,  by  the  application  of 

which  the  whole  vegetable  kingdom  was  imperatively  subdivided; 

Aqr  were  natural^  inasmuch  as  the  justification  of  this  division  was, 

™t  it  brought  together  those  plants  which  wore  naturally  related.  No 

T'otem  of  arrangement,  for  instance,  would  have  been  tolerated  which, 

^  *  great  proportion  of  cases,  separated  into  distant  parts  of  the  plan 

^  different  species  of  the  same  genus.      As  far  as  the  main  body  of 

^  genera,  at  least,  all  systems  are  natural. 

But  banning  from  this  line,  we  may  construct  our  systems  with 

^^  opposite  purposes,  according  as  we  endeavor  to  carry  our  assumed 

P'^^'^ciple  of  division  rigorously  and  consistently  through  the  system,  or 

*•  ^e  wish  to  associate  natural  families  of  a  wider  kind  than  genera. 

**^  former  propensity  leads  to  an  artificial,  the  latter  to  a  natural 

inethod.     Each  is  a  System  of  Plants  ;  but  in  the  first,  the  emphasis 

^  «ro^n  on  the  former  word  of  the  title,  in  the  other,  on  the  latter. 

•1^0  strongest  recommendation  of  an  artificial  system,  (besides  its 

^P^'oaching  to  a  natural  method,)  is,  that  it  shall  be  capable  of  easy 

^^  ;   for  which  purpose,  the  facts  on  which  it  depends  must  be  appa- 

^^  in  their  relations,  and  universal  in  their  occurrence.     The  system 

I^inmeus,  founded  upon  the  number,  position,  and  other  circuni- 

^^iQes  of  the  stamina  and  pistils,  the  reproductive  organs  of  the  plants, 

"^^^^^ssed  this  merit  in  an  eminent  degree,  as  far  as  these  charactei-s  are 

J ,  ^<i€med ;  that  is,  as  far  as  the  classes  and  orders.     In  its  further  sub- 

^"^^ion  into  genera,  its  superiority  was  mainly  due  to  the  exact  obser- 

.^^dn  and  description,  which  we  have  already  had  to  notice  as  talents 

^^h  Linnaeus  peculiarly  possessed. 

-^^e  Linnsean  system  of  plants  was  more  definite  than  that  of  Tour 
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nefort,  which  was  governed  by  the  corolU ;  for  number  is  more  de£- 
nite  than  irregular  form.  It  was  more  readily  employed  than  any  <M 
those  which  depend  on  the  fruit,  for  the  flower  is  a  more  obvious  ol^jeot; 
and  more  easily  examined.  Still,  it  can  hardly  be  doubted,  that  the  cir- 
cumstance which  gave  the  main  currency  to  the  system  of  LdnMBua  w«u 
its  physiological  signification :  it  was  the  Sexual  System,  The  rela- 
tion of  the  parts  to  which  it  directed  the  attention,  interested  boUi  Hie 
philosophical  faculty  and  the  imagination.  And  when,  soon  after  Hm.^ 
system  had  become  familiar  in  our  own  country,  the  poet  of  The  Botan£c 
Garden  peopled  the  bell  of  every  flower  with  "  Nymphs"  and  "  Swainjss!" 
his  imagery  was  felt  to  be  by  no  means  forced  and  far-fetched. 

The  history  of  the  doctrine  of  the  sexes  of  plants,  as  a  point  of  pliy- 
siology,  does  not  belong  to  this  place ;  and  the  Linnsean  system  of 
classification  need  not  be  longer  dwelt  upon  for  our  present  parpo«€fc 
I  will  only  explain  a  little  further  what  has  been  said,  that  it  is^  up  t4> 
a  certain  point,  a  natural  system.     Several  of  Linnseus's  classes  are,  i^ 
a  great  measure,  natural  associations,  kept  together  in  violation  of  bis 
own  artificial  rules.     Thus  the  class  Diadelphiaj  in  which,  by  the  sys- 
tem, the  filaments  of  the  stamina  should  be  bound  together  in  twro 
parcels,  does,  in  fact,  contain  many  genera  which  are  monadelphou^ 
the  filaments  of  the  stamina  all  cohering  so  as  to  form  one  bundl* 
only ;  as  in  Genista^  Spartium,  Anthyllis^  LupinuSy  c6c.     And  why  ^^ 
this  violation  of  rule  ?      Precisely  because  these  genera  all  belong  to 
tlie  natural  ti-ibe  of  Papilionaceous  plants,  which  the  autlior  of  the  %y  s^ 
tern  could  not  prevail  upon  himself  to  tear  asunder.      Yet  in  otb- «'' 
cases  Linnaeus  was  true  to  his  system,  to  the  injury  of  natural  alliane^^s, 
as  he  was,  for  instance,  in  another  portion  of  this  very  tribe  of  Pa^^' 
UonacecB  ;  for  there  are  plants  which  undoubtedly  belong  to  the  tril:>^ 
but  which  have  ten  separate  stamens ;  and  these  he  placed  in  t-li® 
order  Decandria,     Upon  the  whole,  however,  he  inclines  rather    "to 
admit  transgression  of  art  than  of  nature. 

The  reason  of  this  inclination  was,  that  he  rightly  considered  fi-^ 
artificial  method  as  instrumental  to  the  investigation  of  a  natural  or*  <5  ; 
and  to  this  part  of  his  views  we  now  proceed. 

Sect,  5. — Lhinccuss  Views  on  a  Natural  Method, 

The  admirers  of  Linnajus,  the  English  especially,  were  for  some  tJ^*^ 
in  the  habit  of  putting  his  Sexual  System  in  opposition  to  the  Nat*-"*-*^ 
Method,  which  about  the  same  time  was  attempted  in  France.     ^ 
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:liey  often  appear  to  have  imagined  that  the  ultimate  object  of 
inical  methods  was  to  know  the  name  of  plants,  they  naturally 
'erred  the  Swedish  method,  which  is  excellent  as  2i  finder.  No 
»0D,  however,  who  wishes  to  know  botany  as  a  science,  that  is,  as 
>dy  of  general  truths,  can  be  content  with  making  names  his  ulti- 
e  object  Such  a  person  will  be  constantly  and  irresistibly  led  on 
ittempt  to  catch  sight  of  the  natural  arrangement  of  plants,  even 
»re  he  discovers,  as  he  will  discover  by  pursuing  such  a  course  of 
ly,  that  the  knowledge  of  the  natural  arrangement  is  the  know- 
^  of  the  essential  construction  and  vital  mechanism  of  plants.    He 

consider  an  artificial  method  as  a  means  of  arrinng  at  a  natural 
iod.  Accordingly,  however  much  some  of  his  followers  may  have 
liooked  this,  it  is  what  Linnseus  himself  always  held  and  taught 
d  though  what  he  executed  with  regard  .to  this  object  was  but  lit- 
"  the  distinct  manner  in  which  he  presented  the  relations  of  an 
ficial  and  natural  method,  may  justly  be  looked  upon  as  one  of  the 
at  improvements  which  he  introduced  into  the  study  of  his  science. 
rhus  in  the  Classes  Plantarum  (l')r4'7),  he  speaks  of  the  diflSculty 
be  task  of  discovering  the  natural  orders,  and  of  the  attempts  made 
)thers.  "  Yet,"  he  adds,  "  I  too  have  labored  at  this,  have  done 
ething,  have  much  still  to  do,  and  shall  labor  at  the  object  as  long 

live."  He  afterwards  proposed  sixty-seven  orders,  as  the  frag- 
ts  of  a  natural  method,  always  professing  their  imperfection.*' 

in  others  of  his  works"  he  lays  down  some  antitheses  on  the 
2ct  after  his  manner.  "  The  natural  orders  teach  us  the  nature 
lants ;  the  artificial  orders  enable  us  to  recognize  plants.  The 
ral  orders,  without  a  key,  do  not  constitute  a  Method ;  the  Me- 

ought  to  be  available  without  a  master." 
bat  extreme  difficulty  must  attend  the  formation  of  a  Natural  Me- 
,  may  be  seen  from  the  very  indefinite  nature  of  the  Aphorisms 
1  this  subject  which  Linnaeus  has  delivered,  and  which  the  best 
nists  of  succeeding  times  have  assented  to.  Such  are  these ; — 
Katural  Orders  must  be  formed  by  attention,  not  to  one  or  two, 
to  all  the  parts  of  plants; — the  same  organs  are  of  great  im- 
s^nce  in  regulating  the  divisions  of  one  part  of  the  system,  and 


The  natural  orders  which  he  proposed  are  a  bare  enameration  of  genera, 
bave  not  been  generally  followed. 
-PAt7.  Bot.  p.  80. 
Gene -a  Plantarum,  17G4.     See  Prcelect  in  Or<L  Nat.  p.  xlviii. 
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of  small  importance  in  another  part  ;^* — the  Character  does  not  a 
stitute  the  Genus,  but  the  Genus  the  Character; — ^the  Character 
necessary,  not  to  make  the  Genus,  but  to  recognize  it  The  vagi 
ncss  of  these  maxims  is  easily  seen  ;  the  rule  of  attending  to  all  t 
parts,  implies,  that  we  are  to  estimate  their  relative  importance,  &A 
by  physiological  considerations  (and  these  again  lead  to  arbitn 
rules,  as,  for  instance,  the  superiority  of  the  function  of  nutritioa 
that  of  reproduction),  or  by  a  sort  of  latent  naturalist  instinct,  vbi 
Linnseus  in  some  passages  seems  to  recognize.  ^  The  Habit  of 
plant,"  he  says,**  "  must  be  secretly  consulted.  A  practised  botaii 
will  distinguish,  at  the  first  glance,  the  plants  of  different  quarters 
the  globe,  and  yet  will  be  at  a  loss  to  tell  by  what  mark  he  det© 
them.  There  is,  I  know  not  what  look, — sinister,  dry,  obscaw 
African  plants;  superb  and  elevated,  in  the  Asiatic;  smooth  a 
cheerful,  in  the  American ;  stunted  and  indurated,  in  the  Alpine.** 

Again,  the  rule  that  the  same  parts  are  of  very  different  value 
different  Orders,  not  only  leaves  us  in  want  of  rules  or  reasons  whi 
may  enable  us  to  compare  the  marks  of  different  Orders,  but  destw 
the  systematic  completeness  of  the  natural  arrangement.  If  some 
the  Orders  be  regulated  by  the  flower  and  others  by  the  fruit,  we  w 
have  plants,  of  which  the  flower  would  place  them  in  one  Order,  a 
the  fruit  in  another.  The  answer  to  this  difficulty  is  the  mai 
already  stated ; — that  no  Character  makes  the  Order ;  and  that  i 
Character  do  not  enable  us  to  recognize  the  Order,  it  does  not  ansi 
its  purpose,  and  ought  to  be  changed  for  another. 

This  doctrine,  that  the  Character  is  to  be  employed  as  a  servi 
and  not  as  a  master,  was  a  stumbling-block  in  the  way  of  th' 
disciples  who  looked  only  for  dogmatical  and  universal  rules.  C 
of  Linnseus's  pupils,  Paul  Dietrich  Gisekc,  has  given  us  a  very  liv 
account  of  his  own  perplexity  on  having  this  view  propounded 
him,  and  of  the  way  in  which  he  struggled  with  it.  He  had  cc 
plained  of  the  want  of  intelligible  grounds,  in  the  collection  of  nati 
orders  given  by  Linnajus.  Linnaeus"  wrote  in  answer,  "  You  ask 
for  the  characters  of  the  Natural  Orders  :  I  confess  I  cannot  g 
them."  Such  a  reply  naturally  increased  Giseke's  difficulties.  ] 
afterwards,  in  1771,  he  had  the  good  fortune  to  spend  sometime 
Upsal ;  and  he  narrates  a  conversation  which  he  held  with  the  gi 
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teacher  on  thw  subject,  and  which  I  think  may  serve  to  show  the 

nature  of  the  difficulty ; — one  by  no  means  easily  removed,  and  by  the 

general  reader,   not   even  readily  comprehended  with  distinctness. 

Giseke  began  by  conceiving  that  an  Order  must  have  that  attribute 

from  which  its  name  is  derived ; — that  the  Umbellatce  must  have  their 

flower  disposed  in  an  nmbel.    The  "mighty  master"  smiled,"  and 

told  him  not  to  look  at  names,  but  at  nature.     "  But"  (said  the  pupil) 

^what  is  the  use  of  the  name,  if  it  does  not  mean  what  it  professes  to 

mom  r    "  It  is  of  small  import"  (replied  Linnaeus)  "  what  you  call 

the  Order,  if  you  take  a  proper  series  of  plants  and  give  it  some  name, 

which  is  clearly  understood  to  apply  to  the  plants  which  you  have 

^Bociated.     In  such  cases  as  you  refer  to,  I  followed  the  logical  rule, 

<tf  horrowing  a  name  a  potiorij  from  the  principal  member.     Can  you" 

C*«  added)  **  give  me  the  character  of  any  single  Order  ?"     Giseke, 

"Sorely^  the  character  of  the  UmhellatcB  is,  that  they  have  an  umbel  ?" 

-^•wcwM,     "  Good ;  but  there  are  plants  which  have  an  umbel,  and 

"8  not  of  the  Umbellatce^     G,  "  I  remember.    We  must  therefore 

•^  that  they  have  two  naked   seeds."     L.   "Then,  Echinophora^ 

^'iich  has  only  one  seed,  and  Eryngium^  which  has  not  an  umbel, 

'^l   not  be   Umbellatce;  and  yet  they  are  of  the  Order."     G,  "I 

^oul<j  place  Eryngium  among  the  AggrecfatasP     L,  "  No ;  both  arc 

*^yond  dispute    Umhellatoe,     Eryngium  has    an    involucrum,  five 

•^^JJiina,  two  pistils,  &c.     Try  again  for  your  Character."     (r.   "  I 

"^oul^j  transfer  such  plants  to  the  end  of  the  Order,  and  make  them 

*<>rna  the  transition  to  the  next  Order.     Eryngium  would  connect  the 

^^"ibeUatiB  with  the  AggregatctV     L,  "  Ah !    my  good  friend,  the 

'^''^ruition  from  Order  to  Order  is  one  thing;  the  Character  of  an 

^*^er  is  another.    The  Transitions  I  could  indicate  ;  but  a  Character 

^^*  I^atural  Order  is  impossible.     I  will  not  give  my  reasons  for  the 

distribution  of  Natural  Orders  wliich  I  have  published.     You  or  some 

^her  person,  after  twenty  or  after  fifty  years,  will  discover  them,  and 

^<^  I  was  in  the  right" 

■I  have  given  a  portion  of  this  curious  conversation  in  order  to  show 

^^^  the  attempt  to  establish  Natural  Orders  leads  to  convictions  which 

^^  out  of  the  domain  of  the  systematic  grounds  on  which  they  profess 

Piwjeed.     I  believe  the  real  state  of  the  case  to  be  that  the  syste- 

^^ist,  in  such  instances,  is  guided  by  an  unformed  and  undeveloped 

"f^r^^^ehension  of  physiological  functions.     The  ideas  of  the  form,  num- 
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ber,  and  figure  of  parts  are,  in  some  measure,  overshadowed  and  snp 
seded  by  the  rising  perception  of  organic  and  vital  relations ;  and  1 
philosopher  who  aims  at  a  Natural  Method,  while  he  is  cndeavori 
merely  to  explore  the  apartment  in  which  he  ha<.l  placed  himself  it 
of  Arrangement,  is  led  beyond  it,  to  a  point  where  another  light  begii 
though  dimly,  to  be  seen ;  he  is  brought  within  the  influence  of  H 
ideas  of  Organizatign  and  Life.     . 

The  sciences  which  depend  on  these  ideas  will  be  the  subject  of  oi 
consideration  hereafter.  But  what  has  been  said  may  perhaps  serve  t 
explain  the  acknowledged  and  inevitable  imperfection  of  the  nnph^ 
siological  Linna^an  attempts  towards  a  natural  method.  ^Artifieij 
Classes  arc,^'  Linnaeus  says,  "  a  substitute  for  Natural,  till  Natural  u 
detected."  But  we  have  not  yet  a  Natural  Method.  "  Nor,"  he  say 
in  the  conversation  above  cited,  *^can  we  have  a  Natural  Method;  ft 
a  Natural  Method  implies  Natural  Classes  and  Orders;  and  thei 
Orders  must  have  Characters."  "And  they,"  he  adds  in  another  place, 
"  who,  though  they  cannot  obtain  a  complete  Natural  Method,  amu^ 
plants  according  to  the  fragments  of  such  a  method,  to  the  rejection  c 
the  Artificial,  seem  to  me  like  persons  who  pull  down  a  convenicH 
vaulted  room,  and  set  about  building  another,  though  they  cannot  tai 
the  vault  which  is  to  cover  it." 

How  far  these  considerations  deterred  other  persons  from  tamii 
their  main  attention  to  a  natural  method,  we  shall  shortly  see ;  but 
the  mean  time,  we  must  complete  the  history  of  the  Linnaean  Rcforo 

Sect,  6. — Reception  and  Diffusion  of  the  Linnoean  Reform, 

We  have  already  seen  that  Linnaeus  received,  from  his  own  counts 
honors  and  emoluments  which  mark  his  reputation  as  established, 
early  as  1740 ;  and  by  his  publications,  his  lectures,  and  his  person 
communications,  he  soon  drew  round  him  many  disciples,  whom  he  ii 
pressed  strongly  with  his  own  doctrines  and  methods.  It  would  see 
that  the  sciences  of  classification  tend,  at  least  in  modern  times  mo 
than  other  sciences,  to  collect  about  the  chair  of  the  teacher  a  lai| 
body  of  zealous  and  obedient  pupils  ;  Linnaeus  and  Werner  were  by  f 
the  most  powerful  heads  of  schools  of  any  men  who  appeared  in  the  cour 
of  the  last  century.  Perhaps  one  reason  of  this  is,  that  in  these  science 
consisting  of  such  an  enormous  multitude  of  species,  of  descripti 
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^flicticiilarey  and  of  previous  classifications,  the  learner  is  dependent 

\ipon  the  teacher  more  completely,  and  for  a  longer  time  than  in  other 

sdbjects  of  specolation  :  he  cannot  so  soon  or  so  easily  cast  oflf  the  aid 

and  influence  of  the  master,  to  pursue  reasonings  and  hypotheses  of  his 

oirn.    Whatever  the  cause  may  be,  the  &ct  is,  that  the  reputation  and 

ankhority  of  Linnaeus,  in  the  latter  part  of  his  life,  were  immense.    He 

enjoyed  also  royal  favor,  for  the  King  and  Queen  of  Sweden  were  both 

fond  of  natural  history.    In  1753,  Linnaeus  received  from  the  hand  of 

his  sovereign  the  knighthood  of  the  Polar  Star,  an  honor  which  had 

never  before  been  conferred  for  literary  merit;   and  in  1756,  was 

nied  to  the  rank  of  Swedish  nobility  by  the  title  of  Von  Linn6;  and 

tUi distinction  was  confirmed  by  the  Diet  in  1762.    He  lived,  honored 

«od cowled,  to  the  age  of  seventy-one;  and  in  1778  was  buried  in 

fte  cathedral  of  Upsal,  with  many  testimonials  of  public  respect  and 

naeiation. 

Be  CandoUe'*  assigns,  as  the  causes  of  the  successes  of  the  Linnsean 
9**em,— the  specific  names, — the  characteristic  phrase, — the  fixation 
of  descriptive  language, — the  distinction  of  varieties  and  species, — the 
^tension  of  the  method  to  all  the  kingdoms  of  nature, — and  the  prac- 
tice of  introducing  into  it  the  species  most  recently  discovered.    This 
»8t  course  Linnajus  constantly  pursued ;  thus  making  his  works  the 
^'^  valuable  for  matter,  as  they  were  the  most  convenient  in  form, 
"^general  diffusion  of  his  methods  over  Europe  may  be  dated,  perhaps, 
*  few  years  after  1700,  when  the  tenth  and  the  succeeding  editions  of 
^^  Syitema  Naturce  were  in  circulation,  professing  to  include  ever}' 
^P^cies  of  organized  beings.    But  his  pupils  and  correspondents  effected 
^^  less  than  his  books,  in  giving  currency  to  his  system.     In  Germany,'* 
*'  Was  defended  by  Ludwig,  Gesner,  Fabricius.    But  Haller,  whose 
'^potation  in  physiology  was  as  great  as  that  of  Linnajus  in  methodology? 
^'^ted  it  as  too  merely  artificial.     In  France,  it  did  not  make  any 
^PJd  or  extensive  progress :  the  best  French  botanists  were  at  this 
"ttie  occupied  with  the  solution  of  the  great  problem  of  the  construction 
^'  a  Natural  Method.     And  though  the  rhetorician  Rousseau  charmed, 
^J  may  suppose,  with  the  elegant  precision  of  the  Philosophia  Bota- 
^^  declared  it  to  be  the  most  philosophical  work  he  had  ever  read 
^^  his  life,  Buffon  and  Andanson,  dcscribers  and  philosophers  of  a  more 
*^bitiou8  school,  felt  a  repugnance  to  the  rigorous  rules,  and  limited, 
^^  finished,  undertakings  of  the  Swedish  naturalist.    To   resist  his 
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criticism  and  his  influence,  they  armed  themselves  with  dislike  ai 
contempt 

In  England  the  Linnroan  system  was  very  favorably  received  > 
perhaps  the  more  favorably,  for  being  a  strictly  artificial  system,  f 
the  indefinite  and  unfinished  form  which  almost  inevitably  clings  tc 
natural  method,  appears  to  be  peculiarly  distasteful  to  our  conntrjiiM 
It  might  seem  as  if  the  suspense  and  craving  which  comes  with  kno 
ledge  confessedly  incomplete  were  so  disagreeable  to  them,  that  tk 
were  willing  to  avoid  it,  at  any  rate  whatever;  either  by  rejecting  s^ 
tem  altogether,  or  by  accepting  a  dogmatical  system  without  reser 
The  former  has  been  their  course  in  recent  times  with  regard 
Mineralogy ;  the  latter  was  their  proceeding  with  respect  to  t 
Linnsean  Botany.  It  is  in  this  country  alone,  I  believe,  that  Wm 
rian  and  Linncean  Societies  have  been  instituted.  Such  appellatk 
somewhat  remind  us  of  the  Aristotelian  and  Platonic  schools  of  anck 
Greece.  In  the  same  spirit  it  was,  that  the  Artificial  System  was 
one  time  here  considered,  not  as  subsidiary  and  preparatory  to  I 
Natural  Orders,  but  as  opposed  to  them.  This  was  much  as  if  t 
disposition  of  an  army  in  a  review  should  bo  considered  as  inconsistf 
with  another  arrangement  of  it  in  a  battle. 

When  Linnaeus  visited  England  in  173G,  Sloane,  then  the  patron 
natural  history  in  this  country,  is  said  to  have  given  him  a  cool  rew 
tion,  such  as  was  perhaps  most  natural  from  an  old  man  to  a  yon 
innovator ;  and  Dillenius,  the  Professor  at  Oxford,  did  not  accept  i 
sexual  system.  But  as  Pulteney,  the  historian  of  English  Botany,  sa 
when  his  works  became  known,  "  the  simplicity  of  the  classical  char 
ters,  the  uniformity  of  the  generic  notes,  all  confined  to  the  parts 
the  fructification,  and  the  precision  which  marked  the  specific  disti 
tions,  merits  so  new,  soon  commanded  the  assent  of  the  unprejudic© 

Perhaps  the  progress  of  the  introduction  of  the  Linnaean  Sysb 
into  England  will  be  best  understood  from  the  statement  of  T.  Mart 
who  was  Professor  of  Botany  in  the  University  of  Cambridge,  fi^ 
1761  to  1825.  "  About  the  year  1750,"  he  says,"  "  I  was  a  pupil 
the  school  of  our  great  countryman  Ray ;  but  the  rich  vein  of  knc 
ledge,  the  profoundness  and  precision,  which  I  remarked  eveiywh* 
in  the  Philosopkia  Botanica^  (published  in  1751,)  withdrew  me  ir* 
my  first  master,  and  I  became  a  decided  convert  to  that  system 
botany  which  has  since  been  generally  received.     In  1753,  the  Spec 
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Plantarunij  which  first  introduced  the  specific  names,  made  mc  a  Lin- 
Mean  completely."  In  1763,  he  introduced  the  system  in  liia  lectures 
•t  Cambridge,  and  these  were  the  first  Linnaean  lectures  in  England. 
Stillingfleet  had  already,  in  1757,  and  Lee,  in  1760,  called  the  attention 
of  English  readers  to  Linnaeus.  Sir  J.  Hill,  (the  king's  gardener  at 
Kew,)  in  his  Flora  Britannica,  published  in  1760,  had  employed  the 
classes  and  generic  characters,  but  not  the  nomenclature ;  but  the  latter 
wms  adopted  by  Hudson,  in  1762,  in  the  Flora  Anglica. 

Tiro  young  Swedes,  pupils  of  Linnaeus,  Dryander  and  Solander,-  set- 
tled in  England,  and  were  in  intimate  intercourse  with  the  most  active 
ttmtnralists,  especially  with  Sir  Joseph  Banks,  of  whom  the  former  was 
Kbririan,  and  the  latter  a  fellow-traveller  in  Cook's  celebrated  voyage. 
Xanoes  Edward  Smith  was  also  one  of  the  most  zealous  disciples  of  the 
Lmnean  school ;  and,  after  the  death  of  Linnaeus,  purchased  his  Her- 
iMKriams  and  Collections.  It  is  related,"  as  a  curious  proof  of  the  high 
^a^imation  in  which  Linnaeus  was  held,  that  when  the  Swedish  govern- 
"Dteiit  heard  of  this  bargain,  they  tried,  though  too  late,  to  prewnt 
M^se  monuments  of  their  countr}*man'8  labor  and  glory  being  carne<l 
^'^c>in  his  native  land,  and  even  went  so  far  as  to  send  a  frigate  in  piir- 
*ii.itof  the  ship  which  conveyed  them  to  England.  Smith  had,  liow- 
^v-^r,  the  triumph  of  bringing  them  home  in  safety.  On  his  deatli 
tti^y  were  purchased  by  the  Linnaean  Society.  Such  relics  serve,  as 
^^11  easily  be  imagined,  not  only  to  warm  the  reverence  of  his  adini- 
""^^  but  to  illustrate  his  writings :  and  since  they  have  been  in  this 
'^^^untry,  they  have  been  the  object  of  the  pilgrimage  of  many  a  bota- 
'^^•t,  from  every  part  of  Europe. 

I  have  purposely  confined  myself  to  the  history  of  the  Linnaean  sys- 
*'^tn  in  the  cases  in  which  it  is  most  easily  applicable,  omitting  all 
^^^nsideration  of  more  obscure  and.  disputed  kinds  of  vegetables,  as 
^^^8,  mosses,  fungi,  lichens,  sea-weeds,  and  the  like.  The  nature  and 
1^ ■digress  of  a  classificatory  science,  which  it  is  our  main  purpose*  to 
^^ng  into  view,  will  best  be  understood  by  attending,  in  the  first 
^*«ce,  to  the  cases  in  which  such  a  science  has  been  pursued  with  the 
^^^08t  decided  success ;  and  the  advances  which  have  been  made  m  the 
"^^owledge  of  the  more  obscure  vegetables,  are,  in  fact,  advances  in 
'^^tificial  classification,  only  in  as  far  as  they  are  advances  in  natural 
^classification,  and  in  physiology. 

To  these  subjects  we  now  proceed. 

"  Trapp's  TrajuL  of  8tower»  Life  of  JAnncsut,  p.  Sli. 


401  HISTORY  OF  BOTANY. 


CHAPTER  V. 
Progress  towards  a  Natural  System  of  Botany. 

V£  have. already  said,  that  the  formation  of  a  Natural  Sjst 
classification  must  result  from  a  comparison  of  all  the  i 
blances  and  differences  of  the  things  classed ;  but  that,  in  acting 
this  maxun,  the  naturalist  is  necessarily  either  guided  by  an  o 
and  instinctive  feeling,  which  is,  in  fact,  an  undeveloped  recoj 
of  physiological  relations,  or  else  acknowledges  physiology  i 
guide,  though  he  is  obliged  to  assume  arbitrary  rules  in  order  to 
pret  its  indications.  Thus  all  Natural  Classification  of  org 
beings,  either  begins  or  soon  ends  in  Physiology ;  and  can  nev 
vance  far  without  the  aid  of  that  science.  Still,  the  progress 
Natural  Method  in  botany  went  to  such  a  length  before 
pounded  entirely  on  the  anatomy  of  plants,  that  it  will  be  prop 
I  hope  instructive,  to  attempt  a  sketch  of  it  here. 

As  I  have  already  had  occasion  to  remark,  the  earlier  syst4 
plants  were  natural ;  and  they  only  ceased  to  be  so,  when  it  ap 
that  the  problem  of  constructing  a  si/stem  admitted  of  a  very 
solution,  while  the  problem  of  devising  a  natural  system  rei 
insoluble.  But  many  botanists  did  not  so  easily  renounce  the  1 
object  of  their  science.  In  France,  especially,  a  succession  of 
ordinary  men  labored  at  it  with  no  inconsiderable  success :  an 
were  seconded  by  worthy  fellow-laborers  in  Germany  and  elsew 

The  precept  of  taking  into  account  all  the  parts  of  plants  ace 
to  their  importance,  may  be  applied  according  to  arbitrary  rulej 
may,  for  instance,  assume  that  the  fruit  is  the  most  important 
or  we  may  make  a  long  list  of  parts,  and  look  for  agreement 
greatest  possible  number  of  these,  in  order  to  construct  our  i 
orders.  The  former  course  was  followed  by  Gajrtner  ;*  the  lat 
Adanson.  Gsertner's  principles,  deduced  from  the  dissection  o: 
than  a  thousand  kinds  of  fruits,'  exercised,  in  the  sequel,  a  gre 
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pemianent  influence  on  tlie  forni.-ition  of  natunil  classes.  Adanson's 
attempt,  bold  and  ingenious,  belonged,  both  in  time  and  character,  to 
a  somewhat  earlier  stage  of  the  subject*  Enthusiastic  and  laborious 
beyond  belief  but  self-confident,  and  contemptuous  of  the  labors  of 
others,  Michael  Adanson  had  collected,  during  five  years  spent  in 
Sen^al,  an  enormous  mass  of  knowledge  and  materials;  and  had 
formed  plans  for  the  systems  which  he  conceived  himself  thus  em- 
powered to  reach,  fiir  beyond  the  strength  and  the  lot  of  man/  In 
Us  Families  of  Plants^  however,  all  agree  that  his  labors  were  of  real 
^^ihie  to  the  ecience.  The  method  which  he  followed  is  thus  described 
I7  liis  eloquent  and  philosophical  eulogist* 

Considering  each  organ  by  itself^  he  formed,  by  pursuing  its  various 
■Modifications,  a  system  of  division,  in  which  he  arranged  all  known 
9^68  according  to  that  organ  alone.  Doing  the  same  for  another 
^^^S*^  And  another,  and  so  for  many,  he  constructed  a  collection  of 
^yrtemg  of  arrangement,  each  artificial, — each  founded  upon  one 
•■wmied  organ.  The  species  which  come  together  in  all  these  systems 
•'^  of  all,  natorally  the  nearest  to  each  other;  those  which  are 
•^pMtrted  in  a  few  of  the  systems,  but  contiguous  in  the  greatest 
'^'^ber,  arc  naturally  near  to  each  other,  though  less  near  than  the 
"*^er;  those  which  are  separated  in  a  greater  number,  are  further 
'amoved  from  each  other  in  nature ;  and  they  are  the  more  removed, 
^e  fewer  are  the  systems  in  which  they  are  associated. 

^hxxs,  by  this  method,  we  obtain  the  means  of  estimating  precisely 

.   ^  degree  of  natural  affinity  of  all  the  species  which  our  systems 

''^^l^de,  independent  of  a  physiological  knowledge  of  the  influence  of 

^^  Oi^gans.     But  the  method  has,  Cuvier  adds,  the  inconvenience  of 

P*^^*Uppo6ing  another  kind  of  knowledge,  which,  though  it  belongs 

P^y  to  descriptive  natural  history,  is  no  less  diflRcult  to  obtain ; — the 

^^Wledge,  namely,  of^all  species,  and  of  all  the  organs  of  each.     A 

^gle  one  neglected,  may  lead  to  relations  the  most  false ;  and  Adan- 

^   liimself,  in  spite  of  the  immense  number  of  his  observations, 

^^dUplifies  this  in  some  instances. 

W"e  may  add,  that  in  the  division  of  the  structure  into  organs,  and 

^he  estimation  of  the  gradations  of  these  in  each  artificial  system, 

^^^  is  still  room  for  arbitrary  assumption. 

^  ^*^^  the  mean  time,  the  two  Jussieus  had  presented  to  the  world  a 

""^^.taral  Method,"  which  produced  a  stronger  impression  than  the 


'^^^nittei  de$  Plantet,  VOZ.    *  Cuviep*8  Eloffe.    *  Cuv.  E'ogis,  torn.  I  p.  28i 
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"  Universal  Method "  of  Adanson.  The  first  author  of  the  syi 
was  Bernaid  de  Jussieu,  who  applied  it  in  the  arrangement  of  the 
den  of  the  Trianon,  in  1759,  though  he  never  published  upon  it 
nephew,  Antoine  Laurent  de  Jussieu,  in  his  Treatise  of  the  Am 
ment  of  the  Trianon*  gave  an  account  of  the  principles  and  order 
his  uncle,  which  he  adopted  when  he  succeeded  him  ;  and,  at  a  I 
period,  published  his  Genera  Plantarum  secunium  Ordines  Naiut 
disposita  ;  a  work,  says  Cuvier,  which  perhaps  forms  as  important 
epoch  in  the  sciences  of  observation,  as  the  Chimie  of  Lavoisier  i 
in  the  sciences  of  experiment  The  object  of  the  Jussiens  w«b 
obtain  a  system  which  should  be  governed  by  the  natural  affinities 
the  plants,  while,  at  the  same  time,  the  characters  by  which  the  or 
were  ostensibly  determined,  should  be  as  clear,  simple,  and  predse 
those  of  the  best  artificial  system.  The  main  points  in  these  ehm 
ters  were  the  number  of  the  cotyledons,  and  the  structure  of  the  sc 
and  subordinate  to  this,  the  insertion  of  the  stamina,  which  they 
tinguished  as  epigijnouc^  perigynous^  and  hypogynous,  according 
they  were  inserted  ovei-,  about,  or  under,  the  germen.  And 
classes  which  were  formed  by  the  Jussicus,  though  they  have  si 
been  modified  by  succeeding  writers,  have  been  so  far  retained  by 
most  profound  botanists,  notwithstanding  all  the  new  care  and  i 
liglit  which  have  been  bestowed  upon  the  subject,  as  to  show  1 
what  was  done  at  first,  was  a  real  and  important  step  in  the  sola! 
of  the  problem. 

The  merit  of  the  formation  of  this  natural  method  of  plants  n 
be  divided  between  the  two  Jussiens.  It  has  been  common  to  sp 
of  the  nephew,  Antoine  Laurent,  as  only  the  publisher  of  his  unc 
work.'  But  this  appears,  from  a  recent  statement,*  to  be  highly 
just.  Bernard  left  nothing  in  writing  but  the  catalogues  of  the  gar 
of  the  Trianon,  which  he  had  arranged  according  to  his  own  vie 
but  these  catalogues  consist  merely  of  a  series  of  names  without 
planation  or  reason  added.  The  nephew,  in  1773,  undertook 
executed  for  himself  the  examination  of  a  natural  family,  the  i2<wi 
culacecB ;  and  he  was  wont  to  relate  (as  his  son  informs  us)  tha 


•  Mem.  Ao.  P.  1774. 

'  Prodr&inut  Fierce  Penina.  Ind,  Orient.  Wight  and  Walker-Arnott,  Inl 

p.  XXXV. 

By  Adrien  de  Jussieu,  son  of  Antoine  Lnurent,  in  the  AnnaUn  de%  8c.  j 
Nov.  1834. 
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^BM  this  employment  which  first  opened  his  eyes  and  rendered  him  a 
botanist  In  the  memoir  which  he  wrote,  he  explained  fully  the  rela- 
tive importance  of  the  chaiucters  of  plants,  and  the  subordination  of 
some  to  others ; — an  essential  consideration,  which  Adanson^s  scheme 
had  fidled  to  take  account  ofl  The  uncle  died  in  1111;  and  his 
nephew,  in  speaking  of  him,  compares  his  arrangement  to  the  Ordinea 
NatuToles  of  linnseus :  "  Both  these  authors,"  he  says,  '*  have  satisfied 
theiQselves  with  giving  a  catalogue  of  genera  which  approach  each 
other  in  different  points,  without  explaining  the  motives  which  induced 
them  to  place  one  order  before  another,  or  to  arrange  a  genus  under 
a  certain  order.  These  two  arrangements  may  be  conceived  as  pro- 
Uemi  which  their  authors  have  left  for  botanists  to  solve.  Linnseus 
pnUiflhed  his ;  that  of  M.  de  Jussicu  is  only  known  by  the  manuscript 
catalogues  of  the  garden  of  the  Trianon." 

It  was  not  till  the  younger  Jussieu  had  employed  himself  for  nine- 
^^cn  years  upon  botany,  that  he  published,  in  1789,  his  Genera  Plan- 
^^'^w;  and  by  this  time  he  had  so  entirely  formed  his  scheme  in  his 
*^®«d,  that  he  began  the  impression  without  having  written  the  book, 
^J^d  the  manuscript  was  never  more  than  two  pages  in  advance  of  the 
printer's  type. 

When  this  work  appeared,  it  was  not  received  with  any  enthusiasm ; 
''^eed,  at  that  time,  the  revolution  of  states  absorbed  the  thoughts  of 
*^*  Europe,  and  left  men  little  leisure  to  attend  to  the  revolutions  of 
•^cnce.  The  author  himself  was  drawn  into  the  vortex  of  public 
^^•ira,  and  for  some  years  forgot  his  book.  The  method  made  its 
^*y  alowly  and  with  diflBculty :  it  was  a  long  time  before  it  was  com- 
Pi^hended  and  adopted  in  France,  although  the  botanists  of  that 
^^^try  had,  a  little  while  before,  been  so  eager  in  pursuit  of  a  natural 
^y^tem.  In  England  and  Germany,  which  had  readily  received  the 
•*-'iniijBan  method,  its  progress  was  still  more  tardy. 

There  is  only  one  point,  on  which  it  appears  necessary  further  to 

^^elL    A  main  and  fundamental  distinction  in  all  natural  systems,  is 

^hat  of  the  Monocotyledonous   and  Dicotyledonous  plants;  that  is, 

plants  which  unfold  tliemselves  from  an  embryo  with  two  little  leaves, 

^^  with  one  leaf  only.     This  distinction  produces  its  effects  in  the 

systems  which  are  regulated  by  numbers ;  for  the  flowers  and  fruit  of 

the  monocotyledons  are  generally  referrible  to  some  law  in  which  the 

nnmber'  three  prevails ;  a  type  which  rarely  occurs  in  dicotyledons, 

^^esc  affecting  most  commonly  an  arrangement  founded  on  the  num- 

'^r  five.    But  it  appears,  when  we  attempt  to  rise  towards  a  natural 
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method,  that  this  division  according  to  the  cotyledons  is  of  a  higher 
order  than  the  other  divisions  according  to  number ;  and  correspond 
to  a  distinction  in  the  general  structure  and  organization  of  the  plan^^^  ^ 
The  apprehension  of  the  due  rank  of  this  distinction  has  gradoain^^ 
grown  clearer.  Cuvier*  conceives  that  he  finds  such  a  division  clear-^jr 
marked  in  Lobel,  in  1581,  and  employed  by  Ray  as  the  basis  of  b^  is 
classification  a  century  later.  This  difference  has  had  its  due  pla.io:c 
assigned  it  in  more  recent  systems  of  arrangement ;  but  it  is  oi»ly 
later  still  that  its  fiill  import  has  been  distinctly  brought  into  rie^^w. 
Desfontaines  discovered**  that  the  ligneous  fibre  is  developed  in  sku 

opposite  manner  in  vegetables  with  one  and  with  two  cotyledons;' 

towards  the  inside  in  the  former  case,  and  towards  the  oaiside  in  ^Xie 
latter ;  and  hence  these  two  great  classes  have  been  since  termed  mdto- 
genous  and  exogenous. 

Thus  this  division,  according  to  the  cotyledons,  appears  to  have  t^kxe 
stamp  of  reality  put  upon  it,  by  acquiring  a  ph3rBiological  meaniaB^- 
Yet  we  are  not  allowed  to  forget,  even  at  tJbis  elevated  point  of  gex»«- 
ralization,  that  no  one  character  can  be  imperative  in  a  natural  meth.o<^ 
Lamarck,  who  employed  his  great  talents  on  botany,  before  he  devotse^l 
himself  exclusively  to  other  branches  of  natural  history,  puUished  l»i» 
views  concerning  methods,   systems,"    and  characters.     His  m^in 
principle  is,  that  no  single  part  of  a  plant,  however  essential,  can  bo  ^^ 
absolute  rule  for  classification ;  and  hence  he  blames  the  JnsaffaA^'^ 
method,   as  giving   this  inadmissible  authority  to  the  cotyled^^^ 
Roscoe"  further  urges  that  some  plants,  as  Orchis  morio,  and  Linu^^^ 
rum  verecundum,  have  no  visible  cotyledons.     Yet  De  Candolle,  ^^^^ 
labored  along  with  Lamarck,  in  the  new  edition  of  the  Flort  i^i-^^w- 
paise^  has,  as  we  have  already  intimated,  been  led,  by  the  most  car^^"^ 
application  of  the  wisest  principles,  to  a  system  of  Natural  Orders^      ^^ 
which  Jussieu's  may  be  looked  upon  as  the  basis ;  and  we  shall  ^3^ 
tlie  greatest  botanists,  up  to  the  most  recent  period,  recognizing,  ^^^^ 
employing  themselves  in  improving,  Jussicu's  Natural  Families;.        ^ 
that  in  the  progress  of  this  part  of  our  knowledge,  vague  and  ^^^^^^ 
plexing  as  it  is,  we  have  no  exception  to  our  general  aphorism,  tha^K^"*^ 
real  acquisition  in  science  is  ever  discarded. 


•  Eitt  8c  NaL  u,  IQT.  "  HUL  Se.  Nat,  i  pp.  196,  290. 

"  Sprengel,  il  296 ;  and,  there  quoted,  Flore  Fran^aise,  t  i.  8,  1778.  J^^^ 
Ac.  P,  1785.  Joum,  ffist  Nat,  t  i.  For  Lamarck's  Methode  Analytiqve,  ^ 
Dumeril,  Se.  Nat  I  Art  890. 

^  Roecoe,  lAnn.  TV.  voL  xi.    Cuscuta  also  has  no  cotyledons. 
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Tl^e  reception  of  the  system  of  Jussicu  in  this  country  was  not  sc 
t<»dy  and  cordial  as  that  of  Linnseus.    As  we  have  already  noticed, 
the  trwo  systems  were  looked  upon  as  rivals.    Thus  Roscoe,  in  1810," 
endeavored  to  show  that  Jussieu's  system  was  not  more  natural  than 
the  Utinniean,  and  was  inferior  as  an  artificial  system  :  but  he  argues 
^  pomts  as  if  Jussieu's  characters  were  the  grounds  of  his  distribu- 
^^  ;  which,  as  we  have  said,  is  to  mistake  the  construction  of  a  natu- 
^  system.     In  1803,  Salisbury**  had  already  assailed  the  machinerv 
^  tl&e  system,  maintaining  that  there  are  no  cases  of  perigynous  sta- 
meiis^  as  Jussieu  assumes ;  but  this  he  urges  with  great  eicpressious  of 
"*p^ct  for  the  author  of  the  method.     And  the  more  profound  bota- 
nutft  of  England  soon  showed  that  they  could  appreciate  and  extend 
^^  natural  method.    Robert  Brown,  who  had  accompanied  Captain 
^^ders  to  New  Holland  in  1801,  and  who,  after  examining  that 
^^^ntry,  brought  home,  in  1805,  nearly  four  thousand  species  of 
P^lltB,  was  the  most  distinguished  example  of  this.    In  his  preface  to 
"^^  JProdromus  Florce  Novcb  HollandicB,  he  says,  that  he  found  him- 
•^  under  the  necessity  of  employing  the  natural  method,  as  the  only 
^ay  of  avoiding  serious  error,  when  he  had  to  deal  with  so  many  new 
Sonera  i»  occur  in  New  Holland ;  and  that  he  has,  therefore,  followed 
^lie  method  of  Jussieu ;  the  greater  part  of  whose  orders  are  truly 
Natural,  "  although  their  arrangement  in  classes,  as  is,"  he  says,  "  con- 
ned by  their  author,  no  less  candid  than  learned,  is  often  artificial, 
•nd,  as  appears  to  me,  rests  on  doubtful  grounds." 

From  what  has  already  been  said,  the  reader  will,  I  trust,  see  what 
an  extensive  and  exact  knowledge  of  the  vegetable  world,  and  what 
comprehensive  views  of  affinity,  must  be  requisite  in  a  pereon  who  has 
to  modify  the  natural  system  so  as  to  make  it  suited  to  receive  and 
arrange  a  great  number  of  new  plants,  extremely  different  from  the 
genera  on  which  the  arrangement  was  first  formed,  as  the  New  Hol- 
land genera  for  the  most  part  were.  He  will  also  see  how  impossible 
it  must  be  to  convey  by  extract  or  description  any  notion  of  the  na- 
ture of  these  modifications :  it  is  enough  to  say,  that  they  have  excited 
the  applause  of  botanists  wherever  the  science  is  studied,  and  that 
they  have  induced  M.  de  Humboldt  and  his  fellow-laborers,  themselves 
botanists  of  the  first  rank,  to  dedicate  one  of  their  works  to  him  in 
terms  of  the  strongest  admiration."     Mr.  Brown  has  also  publishv-d 


"  Unn.  Tr.  vol.  xi.  p.  60.  "  Ibid,  vol  viil 

*  Roberto  Brown,  Britanniarum  glorisB  atque  omomento,  totam  BotADicee 
RoieDtiani  inpciio  mirifico  complectcnti.  <tc 
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special  disquisitions  on  parts  of  tho  Natural  System ;  as  on  Jusdco'e 
ProteacecB  ;*•  on  the  Asclepiadea^  a  natural  iamWy  of  plants  whict 
must  be  separated  from  Jussieu^s  Apocynea :"  and  other  similar  labon. 

We  have,  I  think,  been  led,  by  our  survey  of  the  history  of  Botany, 
to  this  point ;— that  a  Natural  Method  directs  us  to  the  study  of  Phy- 
siology, as  the  only  means  by  which  we  can  reach  the  object  Tbift 
conviction,  which  in  botany  comes  at  the  end  of  a  long  series  of  «^ 
tempts  at  classification,  offers  itself  at  once  in  the  natural  history  c( 
animals,  where  the  physiological  signification  of  the  resemblances  and 
differences  is  so  much  more  obvious.  I  shall  not,  therefore,  coiuaider 
any  of  these  branches  of  natural  history  in  detail  as  examples  of  smere 
classification.  They  will  come  before  us,  if  at  all,  more  properly  "i^hen 
we  consider  the  classifications  which  depend  on  tho  functions  o€  tH' 
gans,  and  on  the  corresponding  modifications  which  they  neces^sarilj 
undergo ;  that  is,  when  we  trace  the  results  of  Physiology.  Bo-t  be- 
fore we  proceed  to  sketch  the  history  of  that  part  of  our  knowl^g*^ 
there  are  a  few  points  in  the  progress  of  Zoology,  understood  «  • 
mere  classificatory  science,  which  appear  to  me  sufficiently  instrtictiFe 
to  make  it  worth  our  while  to  dwell  upon  them. 

[2nd  Ed.]    [Mr.  Lindley's  recent  work,  The  Vegetable  Kingdom 
(1846),  may  be  looked  upon  as  containing  the  best  view  of  the  recent 
history  of  Systematic  Botany.     In  the  Introduction  to  this  work,  Mr. 
Lindley  luus  given  an  account  of  various  recent  works  on  the  subject  i 
as  Agardh's  Classes  Plantarum  (182C) ;  Perlcb's  Lehrbuch  der  Ifai^^ 
gcschichtc    der    Pflanzeiireich  (1826);  Duinortier's  Florula  Bel^^ 
(1827)  ;    Bartling's   Ordines    Naturales  Plantarum  (1830)  ;  H^ss'* 
Uebersicht  der  Plianerogenischen  NaturUchen  Pflanzenfamilien  (lS32)'i 
Schulz's  Naturliclies  System  des  PJlanzenreicIC s  (1832) ;  Horanino^* 
PrimcB  Linece  Systematis  Naturas  (1834);  Fries's  Corpus  FUyrO'i^'^^ 
provincial ium  Suecice  (1835) ;  Mailins's  Conspectus  Regni  Vegetat^ 
secundum  Characteres  Morphologicos  (1835)]  Sir  Edward  F,  Br^^' 
head's  System,  as  published  in  the  Edinburgh  Journal  and  o't**^ 
Journals  (1836-1840);  Endlichcrs  Genera  Plantarum  secundum    ^^^ 
dines  Naturales  disposita  (1836-1840);  PerlcVs   Clavis  Clas^ic*^ 
Ordinum  et  Familiarum  (1838) ;  Adolphe  Brongniart's  Enumerate ^^ 
des  Genres  de  Plantes  (1843);  Meisner's  Plantarum  vascularium  C^^^ 
nera  secundum    Ordines   Naturales  digesia   (1843)  ;    Horanino^^* 
Tetractys  Natures^  seu  Systema  quinquemembre  omnium  NaturaJit^-^ 


»*  Linn.  Tr.  vol  x.  1809.     ,"  Jr>m.  of  Wernerian  K  H,  8oc  vol  i  1809^ 
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(1843) ;  Adrien  de  Jussieu's  Couirs  Elmentaire  cTHistoire  Naturelle, 
BotarUque  (1844). 

Mr.  Lindlcy,  in  this  as  in  all  his  works,  urges  strongly  the  superior 
value  of  natural  as  compared  with  artificial  systems ;  his  principles 
being,  I  think,  nearly  such  as  I  have  attempted  to  establish  in  the 
Philosophy  of  the  Sciences,  Book  viii^  Chapter  ii.  He  states  that  the 
leading  idea  which  has  been  kept  in  view  in  the  compilation  of  his 
Work  is  this  maxim  of  Fries :  ^  Singula  sphrora  (sectio)  ideam  quandam 
ej[poiiit,  indeque  ejus  character  notione  simplici  optime  eicprimitur ;". 
and  he  is  hence  led  to  think  that  the  true  characters  of  all  natural 
Maaemhlages  are  extremely  simple. 

One  of  the  leading  features  in  Mr.  Lindley's  system  is  that  he  has 
thrown  the  Natural  Orders  into  groups  subordinate  to  the  higher  divi- 
ttioiis  of  Classes  and  Sub-classes.  He  had  already  attempted  this,  in 
booitation  of  Agardh  and  Bartling,  in  his  Nixus  Flantarum  (1833). 
Bic  groups  of  Natural  Orders  were  there  called  I^ixus  (tendencies) ; 
^nd  they  were  denoted  by  names  ending  in  ales  ;  but  *these  groups 
mrere  further  subordinated  to  Cohorts,  Thus  the  first  member  of  the 
arrangement  was  Class  1.  ExooEXiE.  Sub-class  1.  PoLYPETALiS. 
O>bort  1.  Albumino8-«.  Nixus  1.  Ranales.  Natural  Orders  in- 
oladed  in  this  Nixus,  Ranunculacote,  Saracenicese,  Papaveracese,  &c. 
In  the  Vegetable  Kingdom,  the  groups  of  Natural  Orders  are  termed 
Alliances,  In  this  work,  the  Sub-classes  of  the  Exogens  are  four :  i. 
IDicLiNous ;  II.  Hypooynous  ;  iii.  Perioynous  ;  iv.  Epioynous  ;  and 
the  Alliances  are  subordinated  to  these  without  the  intervention  of 
Cohorts, 

Mr.  Lindlcy  has  also,  in  this  as  in  other  works,  given  English  names 
for  the  Natural  Orders.  Thus  for  Nymphacea,  Ranunculaceoe,  Tania- 
ricaeece,  Zygophyllaceae,  JSleatrinaceee,  he  substitutes  Water-Lilies, 
Crowfoots,  Tamarisks,  Bean-Capers,  and  Water-Peppers ;  for  Malva- 
cetB,  Aurantiacece,  Gentianacece,  Primulacea,  Urtiacece,  Euphorhiacecs, 
he  employs  Mallow-worts,  Citron-worts,  Gentian-worts,  Prim-worts, 
Nettle-worts,  Spurge-worts ;  and  the  terms  Orchids,  Hippurids,  Amaryl- 
lids,  Irids,  Typhads,  Arads,  Cucurbits,  are  taken  as  English  equivalents 
for  Orchidacece,  ffaloragacece,  Amaryllidacece,  Iridacece,  Typhacete^ 
Aracea,  Cucurbitaccas.  All  persons  who  wish  success  to  the  study  of 
botany  in  England  must  rejoice  to  see  it  tend  to  assume  this  idiomatic 
Aape.] 
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CHAPTER  VI. 
The  Progress  of  Systematic  Zoology. 

.  rpHE  history  of  Systematic  Botany,  as  we  have  presented  it,  m«7 
-*-  be  considered  as  a  suflScient  type  of  the  general  order  of  pro- 
gression ii)  the  sciences  of  classification.    It  has  appeared,  in  the  so^ 
yey  which  we  have  had  to  give,  that  this  science,  no  less  than  tlioee 
which  we  first  considered,  has  been  formed  by  a  series  of  inductive 
processes,  and  has,  in  its  history.  Epochs  at  which,  by  such  processefl^ 
decided  advances  were  made.    The  important  step  in  such  cases  ifl^ 
the  seizing  upon  some  artificial  mark  which  conforms  to  natural  Tesefn- 
blances; — some  basis  of  arrangement  and  nomenclature  by  means  of 
which  true  propositions  of  considerable  generality  can  be  enunciated. 
The  advance  of  other  classificatory  sciences,  as  well  as  botany,  mast 
consist  of  such  steps ;  and  their  course,  like  that  of  botany,  must  (if 
we  attend  only  to  the  real  additions  made  to  knowledge,)  be  gradusl 
and  progressive,  from  the  earliest  times  to  the  present. 

To  exemplify  this  continued  and  constant  progression  in  the  whole 
range  of  2^ology,  would  require  vast  knowledge  and  great  labor;    t^^ 
is,  perhaps,  the  less  necessary,  after  we  have  dwelt  so  long  on  the  W"^ 
tory  of  Botany,  considered  in  the  same  point  of  view.     But  there    ^T^ 
a  few  observations  respecting  Zoology  in  general  which  we  are  le<J  ^^ 
make  in  consequence  of  statements  recently  promulgated ;  for  tb^^ 
statements  seem  to  represent  the  history  of  2^ology  as  having  follo^*"^ 
a  course  very  different  from  that  which  we  have  just  ascribed  to     ^® 
classificatory  sciences  in  general.     It  is  held  by  some  naturalists,  ti^^ 
not  only  the  formation  of  a  systematic  classification  in  Zoology  d^*** 
as  far  back  as  Aristotle;  but  that  his  classification  is,  in  many  resp^^*^*** 
superior  to  some  of  the  most  admired  and  recent  attempts  of  mo^^**^ 
times. 

If  this  were  really  the  case,  it  would  show  that  at  least  the  ide^^    * 
a  Systematic  Classification  had  been  formed  and  developed  long    f>'^ 


vious  to  the  period  to  which  we  have  assigned  such  a  step;  9X^^^  J 
would  be  diflBcult  to  reconcile  such  an  early  maturity  of  Zoology  "**^  '* 
the  conviction,  which  we  have  had  impressed  upon  us  by  the  o*^^"*^ 
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I  of  our  history,  that  not  only  labor  but  time,  not  only  one  man 
enius  but  several,  and  those  succeeding  each  other,  are  requisite 
le  formation  of  any  considerable  science. 

ot,  in  reality,  the  statements  to  which  we  refer,  respecting  the 
itific  character  of  Aristotle's  Zoological  system,  are  altogether 
lont  foundation ;  and  this  science  confirms  the  lessons  taught  us  by 
be  othen.  The  misstatements  respecting  Aristotle's  doctrines  are 
^8  account  so  important,  and  are  so  curious  in  themselves,  that  I 
t  dwell  upon  them  a  little. 

Jistotle's  nine  Books  On  Animals  are  a  work  enumerating  the 
rences  of  animals  in  almost  all  conceivable  respects; — in  the 
lis  of  sense,  of  motion,  of  nutrition,  the  interior  anatomy,  the 
rior  covering,  the  manner  of  life,  growth,  generation,  and  many 
r  circumstances.  These  differences  are  very  philosophically  esti- 
d.  "  The  corresponding  parts  of  animals,''  he  says,'  "  besides  the 
"ences  of  quality  and  circumstance,  differ  in  being  more  or  fewer, 
«r  or  smaller,  and,  speaking  generally,  in  excess  and  defect, 
some  animals  have  crustaccous  coverings,  others  hard  shells ;  some 
long  beaks,  some  short;  some  have  many  wings,  some  have  few; 
^  again  have  parts  which  others  want,  as  crests  and  spurs."  He 
makes  the  following  important  remark:  ^'Some  animals  have 
which  correspond  to  those  of  others,  not  as  being  the  same  in 
es,  nor  by  excess  and  defect,  but  by  analogy  ;  thus  a  claw  is  ana- 
is  to  a  thorn,  and  a  nail  to  a  hoof,  and  a  hand  to  the  nipper  of  a 
Br,  and  a  feather  to  a  scale ;  for  what  a  feather  is  in  a  bird,  that 
K^le  in  a  fish." 

will  not,  however,  be  necessary,  in  order  to  understand  Aristotle 
or  present  purpose,  that  we  should  discuss  his  notion  of  Analogy. 
»rocecds  to  state  bis  object,'  which  is,  as  we  have  said,  to  describe 
differences  of  animals  in  their  structure  and  habits.  He  then 
n^es,  that  for  structure,  we  may  take  Man  for  our  type,*  as  being 
known  to  us ;  and  the  remainder  of  the  first  Book  is  occupied 
a  description  of  man's  body,  beginning  from  the  head,  and  pro- 
ing  to  the  extremities. 

the  next  Book,  (from  which  are  taken  the  principal  passages  in 
h  his  modem  commentators  detect  his  system,)  he  proceeds  to 
)are  the  differences  of  parts  in  different  animals,  according  to  the 
p  which  he  had  observed  in  man.      In  the  first  chapter  he  speaks 

*  lib.  id  •  Lib.  L  c.  ii  •  c.  iii. 
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are  not  SO,  wanting  tlie  front  tcetli  in  the  upper  jaw.  Some  have 
neither  front  teeth  nor  horns,  as  the  camel ;  some  have  tusks,"  as  the 
boar,  some  have  not.  Some  have  serrated'  teeth,  as  the  lion,  the  pan- 
ther, the  dog ;  some  have  the  teeth  unvaried,*  as  the  horse  and  the 
ox ;  for  the  animals  which  vary  their  cutting-teeth  have  all  serrated 
teeth.  No  animal  has  both  tusks  and  horns ;  nor  has  any  animal  with 
aerrated  teeth  either  of  those  weapons.  The  greater  part  have  the 
front  teeth  cutting,  and  th^se  within  broad." 

These^passages  undoubtedly  contain  most  of  the  differences  on  which 
the  asserted  Aristotelian  classification  rests ;  but  the  classification  is 
formed  by  using  the  characters  drawn  fix)m  the  teeth,  in  order  to  sub- 
diyide  those  taken  from  the  feet ;  whereas  in  Aristotle  these  two  sets 
of  characters  stand  side  by  side,  along  with  dozens  of  others ;  any 
sdection  of  which,  employed  according  to  any  arbitrary  method  of 
^bordination,  might  with  equal  justice  be  called  Aristotle's  system. 

Why,  for  instance,  in  order  to  form  subdivisions  of  animals,  should 
w«  not  go  on  with  Aristotle's  continuation  of  the  second  of  the  above 
<)iioted  passages,  instead  of  capriciously  leaping  to  the  third?     **0f 
tliese  some  have  horns,  some  have  none  .  .  .  Some  have  a  fetlock- 
.  joint,*  some  have  none  ...  Of  those  which  have  horns,  some  have 
^bem  solid  throughout,  as  the  stag;  others,  for  the  most  part,  hollow 
-•  .  .  Some  cast  their  horns,  some  do  not."     If  it  be  replied,  that  we 
eonld  not,  by  means  of  such  characters,  form  a  tenable  zoological  sys- 
tem ;  we  again  ask  by  what  right  we  assume  Aristotle  to  have  made 
or  attempted  a  systematic  arrangement,  when  what  he  has  written, 
taken  in  its  natural  order,  does  not  admit  of  being  construed  into  a 
system. 

Again,  what  is  the  object  of  any  classification  ?  This,  at  least,  among 
others.  To  enable  the  person  who  uses  it  to  study  and  describe  more 
conveniently  the  objects  thus  classified.  If,  therefore,  Aristotle  had 
formed  or  adopted  any  system  of  arrangement,  we  should  see  it  in  the 
order  of  the  subjects  in  his  work.  Accordingly,  so  far  as  he  has  a 
system,  he  professes  to  make  this  use  of  it.  At  the  beginning  of  the 
fifth  Book,  where  he  is  proceeding  to  treat  of  the  different  modes  of 
generation  of  animals,  he  says,  "As  we  formerly  made  a  Division  of 
animals  according  to  their  kinds,  we  must  now,  in  the  same  manner, 
give  a  general  survey  of  their  History  (&S(*)piav).  Except,  indeed, 
that  in  the  former  case  we  made  our  commencement  by  a  description 


yiavXt6dovra.  ^  Kapj^apdiotfTO,  * ' AvndWaKriu  *  'Affr^<SyaXor, 
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of  man,  but  in  the  present  instance  vfe  must  speak  of  him  last,  beci^^ 
he  requires  most  study.     We  must  begin  then  with  those  aniiKu^  ^ 
which  have  shells ;  we  must  go  on  to  those  which  have  softer  co^^^^jv 
ings,  as  Crustacea,  soft  animals,  and  insects;  after  these,  fishes,  l:>ot^ 
viviparous  and  oviparous ;  then  birds ;  then  land  animals,  both  «^iW- 
parous  and  oviparous." 

It  is  clear  from  this  passage  that  Aristotle  had  certain  wide  smd 
indefinite  views  of  classification,  which  though  not  very  exacts  are  still 
highly  creditable  to  him ;  but  it  is  equally  clear  that  he  was  c^nite 
unconscious  of  the  classification  that  has  been  ascribed  to  him.  Xjf  he 
had  adopted  that  or  any  other  system,  this  was  precisely  the  pUK^«  in 
which  he  must  have  referred  to  and  employed  it 

The  honor  due  to  the  stupendous  accumulation  of  zoological  k^aow- 
ledge  which  Aristotle's  works  contain,  cannot  be  tarnished  hy  onr 
denying  him  the  credit  of  a  system  which  he  never  dreamt  o^  and 
which,  from  the  nature  of  the  progress  of  science,  could  not  po^^bly 
be  constructed  at  that  period.  But,  in  reality,  we  may  exchanges  the 
mistaken  claims  which  we  have  been  contesting  for  a  better,  bccarcMe  a 
truer  praise.  Aristotle  does  show,  as  far  as  could  be  done  at  his  '^n^^ 
a  perception  of  the  need  of  groups,  and  of  names  of  groups,  i  xn  the 
study  of  the  animal  kingdom ;  and  thus  may  justly  be  held  up  ols  the 
great  figure  in  the  Prelude  to  the  Formation  of  Systems  which,  took 
place  in  more  advanced  scientific  times. 

Tliis  appears,  in  some  measure,  from  the  passage  last  quoted.  F^f 
not  only  is  there,  in  that,  a  clear  recognition  of  the  value  and  oT>ject 
of  a  method  in  natural  history ;  but  the  general  arrangement  of  ^^ 
animal  kingdom  there  proposed  has  considerable  scientific  merit:^  tsA 
is,  for  the  time,  very  philosophical.  But  there  are  passages  in  his  '^ork 
in  which  he  shows  a  wish  to  carry  the  principle  of  arrangement  J^aorc 
into  detail.  Thus,  in  the  first  Book,  before  proceeding  to  his  sxi^^ 
of  the  differences  of  animals,"  after  speaking  of  such  classes  as  ^Jos- 
drupeds,  Birds,  Fishes,  Cetaceous,  Testaceous,  Crustaceous  Anix»*^ 
MoUusks,  Insects,  he  says,  (chap,  vii.) 

"Animals  cannot  be  divided  into  large  genera,  in  which  one  kind 
includes  many  kinds.  For  some  kinds  are  unique,  and  have  no  diff^^ 
enco  of  species,  as  man.  Some  have  such  kinds,  but  have  no  n»^*** 
for  them.  Thus  all  quadrupeds  which  have  not  wings,  have  bl<^^ 
But  of  these,  some  are  viviparous,  some  oviparous.    Those  which    ^^ 
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"^^  1  viparous  liave  iimI  all  liair;  those  which  arc  oviparous  liavc  scales/ 
V\rc  have  here  a  manifestly  intentional  subordination  of  characters  : 
^LXid  a  kind  of  regret  that  we  have  not  names  for  the  elasses  here  indi- 
c^^tcd  ;  such,  for  instance,  as  viviparous  quadrupeds  having  hair.  But 
Ixe  follows  the  subject  into  further  detail.  "Of  the  class  of  viviparous 
<juadrupeds,"  he  continues,  "there  are  many  genera,"  but  these  again 
3.re  without  names,  except  specific  names,  such  as  y/ian,  lion,  staff,  horse, 
cif<3^,  and  the  like.  Yet  there  is  a  genus  of  animals  that  have  names,  as 
tlio  horse,  the  ass,  the  oreus,  the  ginnus,  the  innus,  and  the  animal 
^^hicli  in  Syria  is  called  heminus  (mule)  ;  for  those  are  called  mules,  from 
tlieir  resemblance  only ;  not  being  mules,  for  they  breed  of  their  own 
kind.  Wherefore,"  he  adds,  that  is,  because  we  do  not  possess  recog- 
niacKl  genera  and  generic  names  of  this  kind, "  we  must  take  the  species 
separately,  and  study  tlie  nature  of  each." 

These  passages  afford  us  sufficient  ground  for  placing  Aristotle  at 
'Lhe  head  of  those  naturalists  to  whom  the  first  views  of  the  necessity 
of  a  xoological  system  are  due.    It  was,  however,  very  long  before  any 
^vrorthy  successor  appeared,  for  no  additional  step  w^as  made  till  modem 
-times.     When  Natural  History  again  came  to  be  studied  in  Nature, 
'tihe  hnsiness  of  Classification,  as  we  have  seen,  forced  itself  upon  men^s 
SKttention,  and  was  pursued  with  interest  in  animals,  as  in  plants.    The 
mAejpe  of  its  advance  were  similar  in  the  two  cases ; — by  successive 
Tiataralists,  various  systems  of  artificial  marks  were  selected  with  a  view 
"t^o  precision  and  convenience ; — and  these  artificial  systems  assumed 
-the  existence  of  certain  natural  groups,  and  of  a  natural  system  to 
^vrhich  they  gradually  tended.    But  there  was  this  difference  between 
l>otany  and  zoology : — the  reference  to  physiological  principles,  which, 
ss  we  have  remarked,  influenced  the  natural  systems  of  vegetables  in  a 
Xatcnt  and  obscure  manner,  botanists  being  guided  by  its  light,  but 
hardly  aware  that  they  were  so,  affected  the  study  of  systematic  zoology 
snore  directly  and  evidently.    For  men  can  neither  overlook  the  gene- 
ral physiological  features  of  animals,  nor  avoid  being  swayed  by  them 
"in  their  judgments  of  the  affinities  of  different  species.     Thus  the 
classifications  of  zoology  tended  more  and  more  to  a  union  with  com- 
'parative  anatomy,  as  the  science  was  more  and  more  improved.*'     But 
oomparativc  anatomy  belongs  to  the  subject  of  the  next  Book ;  and 
-anything  it  may  be  proper  to  say  respecting  its  influence  upon  zoolo- 
gical arrangements,  will  properly  find  a  place  there. 


"  Ef^iyr.  •'  Cuvier,  I^r.  (TAnat.  Comp.  vol.  L  p.  17. 
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It  will  appear,  and  indeed  it  hardly  re<juircs  to  be  proved,  that  those 
steps  in  syst<jniatic  zoology  whieh  are  due  to  the  light  thrown  upon 
the  subject  by  pliysiolog}',  are  the  result  of  a  long  scries  of  labors  by 
various  naturalists,  and  have  been,  like  other  advances  in  science,  led 
to  and  produced  by  tlie  general  progress  of  such  knowledge.     We  can  j 
hardly  expect  that  the  classificatory  sciences  can  undergo  any  materiaM'.fli 
improvement  which  is  not  of  this  kind.    Very  recently,  however,  some:^  j 
authors  have  attempted  to  introduce  into  these  sciences  certain  prinei —  « 
pics  which  do  not,  at  first  sight,  appear  as  a  continuation  and  extensiocrv  ' 
of  the  previous  researches  of  comparative  anatomists.    I  speak,  in  pw-*"« 
ticular,  of  the  doctrines  of  a  Circular  Progression  in  the  series  of^^ 
affinity ;  of  a  Quinary  Division  of  such  circular  groups ;  and  of  arditioic^^ 
of  Analogy  between  tlie  members  of  such  groups,  entirely  distinct  i 
the  relation  of  Affinity, 

The  doctrine  of  Circular  Progression  has  been  propounded  prind— -5^^^^ 
pally  by  Mr.  Maclcay ;  although,  as  he  has  shown,"  there  are  spggtje  ^^  * 
tions  of  the  same  kind  to  bo  found  in  other  writers.  So  fiir  as  thit^ic-^ 
view  negatives  the  doctrine  of  a  mere  linear  progression  in  natnrt:^:*''"^ 
which  would  place  each  genus  in  contact  only  with  the  preceding  aii£^^=3 
succeeding  ones,  and  so  far  as  it  requires  us  to  attend  to  more  varie 
and  ramified  resemblances,  there  can  be  no  doubt  that  it  is  sa|^K>itec^'s 
by  the  result  of  all  the  attempts  to  form  natural  systems.  Bat  whether  ^ 
that  assemblage  of  circles  of  arrangement  which  is  now  offered 
naturalists,  be  the  true  and  only  way  of  exhibiting  the  natural  i 
of  organized  bodies,  is  a  much  more  difficult  question,  and  one  whicF^ 
T  shall  not  here  attempt  to  examine ;  although  it  will  be  found,  I  \ 
that  those  analogies  of  science  which  we  have  had  to  study,  would  nc 
fail  to  throw  some  light  upon  such  an  inquir}'.  The  prevalence  of  i 
invariable  numerical  law  in  the  divisions  of  natural  groups,  (as  tt 
number  five  is  asserted  to  prevail  by  Mr.  Macleay,  the  number  tm  I 
Fries,  and  other  numbers  by  other  writers),  would  be  a  curious  £m^  : 
established ;  but  it  is  easy  to  see  that  nothing  short  of  the  most  co" 
summate  knowledge  of  natural  history,  joined  with  extreme  cleame 
of  view  and  calmness  of  judgment,  could  enable  any  one  to  pronoun 
on  the  attempts  which  have  been  made  to  establish  such  a|)riBcip^ 
But  the  doctrine  of  a  relation  of  Analogy  distinct  from  Affinity,  in  C^ 
manner  which  has  recently  been  taught,  seems  to  be  obvioosly  at  v^^^-^*^ 
ance  with  that  gradual  approximation  of  the  classificatory  to  the  pi"     »  ^' 


"  Linn,  TVaiM.  voL  xvL  p.  9. 
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nolo^^^  sciences,  which  has  appeared  to  us  to  be  the  general  tendency 
o^  YT^al  knowledge.  It  seems  difficult  to  understand  how  a  reference  to 
sYS^^h.  relations  as  those  which  are  offered  as  examples  of  analogy**  can 
\>^    o'tiierwise  than  a  retrograde  step  in  science. 

^vVJthout,  however,  now  dwelling  upon  these  points,  I  will  treat  a 
lit^tJ.^  more  in  detail  of  one  of  the  branches  of  Zoology. 

Q2  nd  Ed,]  [For  the  more  recent  progress  of  Systematic  Zoology,  see 
in.  *tJi6  Beparts  of  the  British  Association,  in  1834,  Mr.  L.  Jenyns*s 
JRepor<  an  the  Becent  Progress  and  Present  State  of  Zoology^  and  in 
1 3'4L'4,  Mr.  Strickland's  Report  on  the  Recent  Progress  and  Present 
St€M£^  of  Ornithology.  In  these  Reports,  the  questions  of  the  Circular 
AjTri^ngement,  the  Quinary  System,  and  the  relation  of  Analogy  and 
Affiiiity  are  discussed.] 


CHAPTER  VII. 
The  Progress  op  Ichthyolooy. 


I  -^    it  had  been  already  observed  and  admitted  that  sciences  of  the 

®»iiae  kind  follow,  and  must  follow,  the  same  course  in  the  order  of 

^^^  development,  it  would  be  unnecessary  to  give  a  history  of  any 

^^^^ial   branch  of  Systematic  2kK)logy;   since  botany  has  already 

^**or<l^  us  a  sufficient  example  of  the  progress  of  the  classificatory 

sciences.    But  we  may  be  excused  for  introducing  a  sketch  of  the 

f^^^^'ice  of  one  department  of  zoology,  since  we  are  led  to  the  attempt 

^  the  peculiar  advantage  we  possess  in  having  a  complete  history  of 

^   subject  written  with  great  care,  and  brought  up  to  the  present 

^^^  by  a  naturalist  of  unequalled  talents  and  knowledge.    I  speak  of 

'^vier's  Historical  View  of  Ichthyology^  which  forms  the  first  chapter 

*^Js  great  work  on  that  part  of  natural  history.     The  place  and 

**ice  in  the  progress  of  this  science,  which  is  assigned  to  each  person 

y^  Cuvier,  will  probably  not  be  lightly  contested.     It  will,  therefore, 

^•o  small  confirmation  of  the  justice  of  the  views  on  which  the 

^^  ^or  example,  the  goatsucker  has  an  affinity  with  the  swallow ;  but  it  has 
I  ^^^^ogy  with  the  bat,  because  both  fly  at  the  same  hour  of  the  day,  and  feed 
-^     ^«  fl«me  manner. — Swainaon,  Gtography  and  Clattification  of  Animals 
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've  now  confioe  ourselves,)  in  a  scientific  point  of  view,  and  in  a  wa} 
^hich  shows  genius. 

We  may  pass  over,  therefore,  the  other  ancient  authors  from  whose 
writings  Cuvier,  with  great  learning  and  sagacity,  has  levied  contri- 
butions to  the  history  of  ichthyology ;  as  Theophrastus,  Ovid,  Pliny, 
Oppian,  AthensBUB,  -^lian,  Ausonius,  Galen.  We  may,  too,  leave 
unnoticed  the  compilers  of  the  middle  ages,  who  did  little  but  abstract 
and  disfigure  the  portions  of  natural  history  which  they  found  in  the- 
ancients.  Ichthyological,  like  other  knowledge,  was  scarcely  sought 
except  in  books,  and  on  that  very  account  was  not  understood  when  it 
was  found. 

Period  of  Erudition, — Better  times  at  length  came,  and  men  began 
to  observe  nature  for  themselves.  The  three  great  authors  who  arc 
held  to  be  the  founders  of  modern  ichthyology,  appeared  in  the  mid- 
dle of  the  sixteenth  century ;  these  were  B61on,  Rondelet,  and  Salvi- 
ani,  who  all  published  about  1555.  All  the  three,  very  different  from 
the  compilers  who  filled  the  interval  from  Aristotle  to  them,  themselves 
saw  and  examined  the  fishes  which  they  describe,  and  have  given  faith- 
ful representations  of  them.  But,  resembling  in  that  respect  tlio 
founders  of  modern  botany,  Brassavola,  Ruellius,  Tragus,  and  others, 
they  resembled  them  in  this  also,  that  they  attempted  to  make  their 
own  observations  a  commentary  upon  the  ancient  writera.  Faithful 
to  the  spirit  of  their  time,  they  are  far  more  careful  to  make  out  the 
names  which  each  fish  bore  in  the  ancient  world,  and  to  bring  together 
scraps  of  their  history  from  the  authors  in  whom  these  names  occur, 
than  to  describe  them  in  a  lucid  manner ;  so  that  without  their  figures, 
says  Cuvier,  it  would  be  almost  as  diflScult  to  discover  their  species  as 
those  of  the  ancients. 

The  difficulty  of  describing  and  naming  species  so  that  they  can  be 
recognized,  is  little  appreciated  at  first,  although  it  is  in  reality  Uic 
main-f  pring  of  the  progress  of  the  sciences  of  classification.  Aristotle 
never  dreamt  that  the  nomenclature  which  was  in  use  in  his  time 
CJould  ever  become  obscure ; '  hence  he  has  taken  no  precaution  to 
Enable  his  readers  to  recognize  the  species  of  which  he  speaks ;  and 
in  him  and  in  other  ancient  authors,  it  requires  much  labor  and  great 
Tclicity  of  divination  to  determine  what  the  names  mean.  The  per- 
ception of  this  difficulty  among  modern  naturalists  led  to  systems,  and 
ko  nomenclature  founded  upon  system ;  but  these  did  not  come  intc 

■  Cuvier,  p.  17. 
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^IThat  this  system  was  a  true  firat  approximation  to  a  solution  of  the 
r«ol)lem,  appears  to  be  allowed  by  naturalists.  Although,  says  Cuvier,* 
neire  are  in  it  no  genera  well  defined  and  well  limited,  still  in  many 
Iskces  the  species  are  brought  together  very  naturally,  and  in  such 

'^Mj  that  a  few  words  of  explanation  would  suflSce  to  form,  from  the 
roups  thus  presented  to  us,  several  of  the  genera  which  have  since 
^^rm  received.  Even  in  botany,  as  w^  have  seen,  genera  were  hardl> 
Kc^intained  with  any  d^ree  of  precision,  till  the  binary  nomenclature 
r  Xjinnseus  made  this  division  a  matter  of  such  immense  convenience, 
'j-'he  amount  of  this  convenience,  the  value  of  a  bref  and  sure 
>xxienclature,  had  not  yet  been  duly  estimated.  The  work  of  Wil- 
«^ghby  forms  an  epoch,'  and  a  happy  epoch,  in  the  history  of  ichthy- 
0:^y ;  for  the  science,  once  systematized,  could  distinguish  the  new 
o^3tt  the  old,  arrange  methodically,  describe  clearly.  Yet,  because 
^i  lloughby  had  no  nomenclature  of  his  own,  and  no  fixed  names  for 
^^  genera,  his  immediate  influence  was  not  great  I  will  not  attempt 
^  "t^race  this  influence  in  succeeding  authors,  but  proceed  to  the  next 
^  ^)ortant  step  in  the  progress  of  system. 

improvement  of  the  System,  Artedi, — Peter  Artedi  was  a  countr}'- 
"^^^n  and  intimate  friend  of  Linnaeus;  and  rendered  to  ichthyology 
^^tfly  the  same  services  which  Linnaeus  rendered  to  botany.     In  his 

^^ilosophia  Ichthj/ologica,  he  analysed*  all  the  interior  and  exterior 
^->t8  of  animals ;  he  created  a  precise  terminology  for  the  different 
^^*ms  of  which  these  parts  are  susceptible ;  he  laid  down  rules  for 
^  ^  nomenclature  of  genera  and  species ;  besides  his  improvements  of 
^ «  subdivisions  of  the  class.  It  is  impossible  not  to  be  struck  with 
■^  «  close  resemblance  between  these  steps,  and  those  which  are  due  to 
^e  Ftindam^nta  Botanica.  The  latter  work  appeared  in  1736,  the 
^:rmer  was  published  by  Linnaeus,  after  the  death  of  the  author,  in 

*^38  ;  but  Linnaeus  had  already,  as  early  as  1735,  made  use  of  Arte- 
'X"*8  manuscripts  in  the  ichthyological  part  of  his  Systema  Natura, 
'^e  cannot  doubt  that  the  two  young  naturalists  (they  were  nearly  of 
J>e  same  age),  must  have  had  a  great  influence  upon  each  other's  views 
'  ^d  labors ;  and  it  would  be  diflficult  now  to  ascertain  what  portion  of 
i^e  peculiar  merits  of  the  Linnaean  reform  was  derived  from  Artedi. 
^ut  we  may  remark  that,  in  ichthyology  at  least,  Artedi  appears  to 
^  ave  been  a  naturalist  of  more  original  views  and  profounder  philosophy 
^an  his  friend  and  editor,  who  afterwards  himself  took  up  the  subject 

•  Cuvier,  p.  57.  »  p.  68.  '  p.  20. 
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The  reforms  of  Linnecus,  in  all  parts  of  natural  histor}^  appear  as  if 
they  were  mainly  dictated  by  a  love  of  elegance,  symmetry,  clearness 
and  dofiiiitcness ;  but  the  improvement  of  the  ichthyological  system 
by  Artedi  seems  to  have  been  a  step  in  the  progress  to  a  natar^ 
arrangement.    His  genera,*  which  arc  forty-five  in  number,  are  so  weW 
constituted,  that  they  have  almost  all  been  preserved ;  and  the  sdlV>- 
divisions  which  the  constantly-increasing  number  of  species  has  cc^-ani- 
pelled  his  successors  to  introduce,  have  very  rarely  been  such  t'k^At 
they  have  led  to  the  transposition  of  his  genera. 

In  its  bases,  however,  Artcdi's  was  an  artificial  system.  His  cha»~5xc- 
tcrs  were  positive  and  decisive,  founded  in  general  upon  the  nunM  T>«t 
of  rays  of  the  membrane  of  the  gills,  of  which  he  was  the  fin^'C^  to 
mark  the  importance  ; — upon  the  relative  position  of  the  fins,  u  j/£XDJi 
their  number,  upon  the  part  of  the  mouth  where  the  teeth  are  foL-m  »^<lj 
upon  the  conformation  of  thp  scales.  Yet,  in  some  cases,  he  '^^  ^ 
recourse  to  the  interior  anatomy. 

Linnirus  himself  at  first  did  not  venture  to  deviate  from  the  foots'fc  c^I« 
of  a  fricTul,  Avho,  in  this  science,  had  been  his  master.     But  in  175^-     '" 
the  tenth  edition  of  the  Systema  ^ati/rcc,  he  chose  to  depend  u  jp^^^" 
himself,  and  devised  a  new  ichthyological  method.     lie  divided  so/*"^  ^ 
genera,  united  others,  gave  to  the  species  trivial  names  and  charact*'-^' 
istic  phrases,  and  addod  many  species  to  those  of  Artedi.     Yet  bf-^ 
innovations  are  for  the  most  part  disapproved  of  by  Cuvier;  as  hir* 
transferring  the  chnmlropterygian  fishes  of  Artedi  to  the  class  of  rep- 
tiles, under   the   title  of  Ainj^hyhla  nantes ;  and    his  rejecting  the 
distinctioi^  of  acanthopterygian  and  malacopterygian,  which,  as  wc 
have  seen,  had  prevailed  from  the  time  of  Willoughby,  and  introducing 
in  its  stead  a  <listnbution  founded  on  the  presence  or  absence  of  the 
ventral  fins,  and  on  their  situation  with  regard  to  the  pectoral  fins, 
"Nothing,"  says  Cuvier,  "more  breaks  the  true  connexions  of  genera 
than  these  orders  oi  apodcs^  jnr/ularcs,  ihoracici,  and  ahdominalesr 

Thus  Linnaeus,  though  acknowledging  the  value  and  importance  of 
natural  ordei-s,  was  not  happy  in  his  attempts  to  construct  a  system 
which  should  lead  to  them.  In  his  detection  of  good  characters  for  an 
artificial  system  he  was  more  fortunate.  lie  was  always  attentive  to 
number,  as  a  character;  -and  he  had  the  very  great  merit"  of  introdu- 
cing into  the  classification  the  number  of  rays  of  the  fins  of  each  species. 
This  mark  is  one  of  great  importance  and  use.     And  this,  as  well  as 


•  Cuvier,  p.  71.  *•  p.  74* 
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^ibcr  branches  of  natural  history,  (K'lived  iiK'alciilahlo  a«lvautai^cs  troiii 

the  more  general  merits  of  the  illustrious  Swede;" — the  precision  of 

the  characters,  the  convenience  of  a  well-settled  terminology,  the  facility 

afforded  by  the  binary  nomenclature.  These  recommendations  gave  him 

H  pre-eminence  which  was  acknowledged  by  almost  all  the  naturalists 

af  liis  time,  and  displayed  by  the  almost  universal  adoption  of  bis 

nomenclature,  in  zoology,  as  well  as  in  botany ;  and  by  the  almost 

ejccldsive  employment  of  his  distributions  of  classes,  however  imperfect 

aD<l  artificial  they  might  be. 

AMd  even  *•  if  Linnceus  bad  had  no  other  merit  than  the  impulse  he 
g:«^^re  to  the  pursuit  of  natural  science,  this  alone  would  suffice  to 
imnaortalize  bis  name.  In  rendering  natural  bistory  easy,  or  at  least 
^T\  making  it  appear  so,  be  diffused  a  general  taste  for  it.  The  great 
toolc  it  up  with  interest;  the  young,  full  of  ardor,  rushed  forwards  in 
■II  clirections,  with  the  sole  intention  of  completing  his  system.  The 
civilized  world  was  eager  to  build  the  edifice  which  Linnaeus  bad  plan- 

'MThn  spirit,  among  other  results,  produced  voyages  of  natural  bistori- 

^^•^  icsearcb,  sent  forth  by  nations  and  sovereigns.    George  the  Third 

o»    Sngland  had  the  honor  of  setting  the  example  in  this  noble  career, 

^y  Bending  out  the  expeditions  of  Byron,  Wallis,  and  Carteret,  in  1765. 

**^e8e  were  followed  by  those  of  Bougainville,  Cook,  Forster,  and  others. 

^^'^^ia  also  scattered  several  scientific  expeditions  through  her  vast 

^^Hiinions ;  and  pupils  of  Linnseus  sought  the  icy  shores  of  Greenland 

'^^d  Iceland,  in  order  to  apply  his  nomenclature  to  the  productions  of 

^086  climes.    But  we  need  not  attempt  to  convey  any  idea  of  the 

^*86t  stores  of  natural  historical  treasures  which  were  thus  collected 

fix>m  every  part  of  the  globe. 

I  shall  not  endeavor  to  follow  Cuvier  in  giving  an  account  of  the 
great  works  of  natural  history  to  which  this  accumulution  of  materials 
gave  rise ;  such  as  the  magnificent  work  of  Bloch  on  Fishes,  which 
appeared  in  1782 — 1785  ;  nor  need  I  attempt,  by  his  assistance,  to 
characterize  or  place  in  their  due  position  the  several  systems  of  classi- 
fication proposed  about  this  time.    But  in  the  course  of  these  various 
essays,  the  distinction  of  the  artificial  and  natural  methods  of  classifica- 
tion came  more  clearly  into  view  than  before ;  and  this  is  a  point  sc 
important  to  the  philosophy  of  the  subject,  that  we  must  devote  a  fc^ 
words  to  it 

"  Corier,  p.  85.  *•  lb.  p.  88. 
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Separation  of  the  Artificial  and  Natural  Methods  in  Ichthyolo^,^ 
It  has  already  been  said  that  all  so-called  artificial  methods  of  claaatf- 
cation  must  be  natural,  at  least  as  to  the  narrowest  mcmben  of  tlw 
system ;  thus  the  artificial  Linnscan  method  is  natural  as  to  speciM^ 
and  even  as  to  genera.     And  on  the  other  hand,  all  proposed  natan) 
methods,  so  long  as  they  remain  unmodified,  are  artificial  as  to  tbeii 
characteristic  marks.    Thus  a  Natural  Method  is  an  attempt  to  pco* 
vide  positive  and  distinct  characters  for  the  wider  as  well  as  for  the 
narrower  natural  groups,    Tliese   considerations   are  applicable  to 
zoology  as  well  as  to  botany.  ,  But  the  question,  how  we  know  Datvx- 
ral  groups  before  we  find  marks  for  them,  was,  in  botany,  as  wehiv* 
seen,  susceptible  only  of  vague  and  obscure  answers : — the  mind  forfr** 
them,  it  was  said,  by  taking  the  aggregate  of  all  the  characten;  <^ 
by  establishing  a  subordination  of  characters.     And  each  of  tLu"^ 
answers  had  its  diflficulty,  of  which  the  solution  appeared  to  be,  tk -^ 
in  attempting  to  form  natural  ordere  we  arc  really  guided  by  a  lalfr'*'* 
undeveloped  estimate  of  physiological  relations.     Now  this  prindp-l  <» 
which  was  so  dimly  seen  in  the  study  of  vegetables,  shines  out  withmn^^^ 
greater  clearness  when  we  come  to  the  study  of  animals,  in  which  tXi^e 
physiological  relations  of  the  parts  are  so  manifest  that  they  CMim  ^ 
be  overlooked,  and  have  so  strong  an  attraction  for  our  curiosity  tl»  ^ 
we  cannot  help  having  our  judgments  influenced  by  them.    Hence  ttof 
superiority  of  natural  systems  in  zoology  would  probably  be  far  mo»e 
generally  allowed  than  in  botany ;  and  no  arrangement  of  anim»» 
which,  in  a  large  number  of  instances,  violated  strong  and  clear  nat-U* 
ral  affinities,  would  bo  tolerated  because  it  answered  the  purpose  of 
enabling  us  easily  to  find  the  name  and  place  of  the  animal  in  the 
artificial  system.    Every  system  of  zoological  arrangement  may  ^ 
supposed  to  aspire  to  be  a  natural  system.     But  according  to  tbe 
various  habits  of  the  minds  of  systematizers,  this  object  was  poBOcd 
more  or  less  steadily  and  successfully;   and  these   differences  cau*^ 
more  and  more  into  view  with  the  increase  of  knowledge  and  the  m^" 
tiplication  of  attempts. 

Bloch,  whose  ichthyological  labors  have  been  mentioned,  followc<^ 
in  his  great  work  the  method  of  Linnaeus.     But  towards  the  end  o^ 
his  life  he  had  prepared  a  general  system,  founded  upon  one  siog*^ 
numerical  principle  ; — the  number  of  fins ;  just  as  the  sexual  syst^*^ 
of  Linnaeus  is  founded  upon  the  number  of  stamina ;  and  he  made  J^ 
subdivisions  according  to  the  position  of  the  ventral  and  pectoral  fir^^ 
the  same  character  which  Linnaeus  had  employed  for  his  prim^^     - 
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sion.  He  could  not  have  done  better,  says  Cuvier/  if  his  object 
been  to  torn  into  ridicule  al^  artificial  methods,  and  to  show  tc 
it  absurd  combinations  they  may  lead. 

!uvier  himself  who  always  pursued  natural  systems  with  a  singularly 
)  and  sagacious  consistency,  attempted  to  improve  the  ichthyolo- 
1  arrangements  which  had  been  proposed  before  him.  In  his 
ne  AninuUj  published  in  1817,  he  attempts  the  problem  of  arranging 
class ;  and  the  views  suggested  to  him,  both  by  his  successes  and 
fiulures,  are  so  instructive  and  philosophical,  that  I  cannot  illus- 
)  the  subject  better  than  by  citing  some  of  them. 
The  class  of  fishes,''  he  says,"  "  is,  of  all,  that  which  offers  the 
test  difiSculties,  when  we  wish  to  subdivide  it  into  orders,  accord- 
to  fixed  and  obvious  characters.  After  many  trials,  I  have  deter- 
ed  on  the  following  distribution,  which  in  some  instances  is  wanting 
recision,  but  which  possesses  the  advantage  of  keeping  the  natural 
ilies  entire. 

Fish  form  two  distinct  series ; — that  of  chondropterygians  or  carti* 
nou9  fish^  and  that  oifish  properly  so  called. 
The  first  of  these  scries  has  for  its  character,  that  the  palatine 
es  replace,  in  it,  the  bones  of  the  upper  jaw :  moreover  the  whole 
'S  structure  has  evident  analogies,  which  we  shall  explain. 
It  divides  itself  into  three  orders  : 

The  Ctclostomes,  in  which  the  jaws  are  soldered  {soudees)  into 
immovable  ring,  and  the  bronchia)  are  open  in  numerous  holes. 
The  Selacians,  which  have  the  bronchia)  like  the  preceding,  but 
the  jaws. 

The  Sturonians,  in  which  the  bronchia  are  open  as  usual  by  a 
fomished  with  an  operculum. 

The  second  series,  or  tliat  of  ordinary  fishes^  offers  me,  in  the  first 
c,  a  primary  division,  into  those  of  which  the  maxillary  bone  and 
palatine  arch  are  dovetailed  {engrenes)  to  the  skull.  Of  these  I 
a  an  order  of  Pectognatiis,  divided  into  two  families ;  the  gymno- 
»  and  the  sclerodenns, 

\iter  these  I  have  the  fishes  with  complete  jaws,  but  with  bron- 

which,  instead  of  having  the  fbrm  of  combs,  as  in  all  the  others, 

the  form  of  a  series  of  little  tufts  (kouppes).     Of  these  I  again 

an  order,  which  I  call  Lophobranchs,  which  only  includes  one 

3^. 


'  p.  108.  "  JUt;ne  Animal,  vol  il  p.  110. 
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"  There  then  remains  an  innumerable  quantity  of  fishes,  to  which 
we  can  no  longer  apply  any  characters  except  those  of  the  extekn 
organs  of  motion.     After  long  examination,  I  have  found  that  the 
least  bad  of  these  characters  is,  after  all,  that  employed  by  Ray  and 
Artedi,  taken  from  the  nature  of  the  first  rays  of  the  dorsal  and  of  the 
anal  fin.    Thus  ordinary  fish 9s  are  divided  into  MALACOPTERTOUHfi, 
of  which  all  the  rays  are  soft^  except  sometimes  the  first  of  the  dorsal 
fin  or  the  pectorals ; — and  Aca'nthopteryoianb,  which  have  always 
the  first  portion  of  the  dorsal,  or  of  the  first  dorsal  when  there  are 
two,  supported  by  spinous  rays,  and  in  which  the  anal  has  also  some 
such  rays,  and  the  vcntrals,  at  least,  each  one. 

"The  former  may  be  subdivided  without  inconvenience,  according 
to  their  ventral  fins,  which  are  sometimes  situate  behind  the  abdomeB, 
sometimes  adherent  to  the  apparatus  of  the  shoulder,  or,  finally,  9Tt 
sometimes  wanting  altogether. 

"We  thus  arrive  at  the  three  orders  of  Abdominal  Malacoptir'*- 
GiANS,  of  Subbracuians,  and  of  Apodks  ;  each  of  which  incluci«* 
some  natural  families  which  we  shall  explain :  the  firsts  especially,  ^ 
very  nmnerous. 

"But  this  basis  of  division  is  absolutely  impracticable  with  t-l^e 
Acanthopterygians ;  and  the  problem  of  establishing  among  these  a^^y 
other  subdivision  than  that  of  the  natural  families  has  hitheT^^ 
remained  for  me  insoluble.  Fortunately  several  of  these  families  off^*" 
characters  almost  as  precise  as  those  which  we  could  give  to  tnie  orders    . 

"In  truth,  we  cannot  assign  to  the  families  of  fishes,  rank  ^* 
marked,  as  for  example,  to  those  of  niammifcrs.  Tlius  the  ChondT^^ 
ptcrygians  on  the  one  hand  hold  to  reptiles  by  the  organs  of  the8ens^®» 
and  by  those  of  generation  in  some ;  and  they  are  related  to  raollnfi-*** 
and  worms  by  the  imperfection  of  the  skeleton  in  others. 

"  As  to  Ordinary  Fishes,  if  any  part  of  the  organization  is  fon""^ 
more  developed  in  some  than  in  othei*s,  there  does  not  result  from  tto-** 
any  pre-eminence  sufficiently  marked,  or  of  sufficient  influence  uponth.^^**" 
Avhole  system,  to  oblige  us  to  consult  it  in  the  methodical.arrangem^'^^ 

"We  shall  place  them,  therefore,  nearly  in  the  order  in  which  '^^^ 
have  just  explained  their  characters." 

I  have  extracted  the  whole  of  this  passage,  because,  though  itis^^^^ 
technical  to  be  understood  in  detail  by  the  general  reader,  those  ^^^^* 
have  followed  with  any  interest  the  history  of  the  attempts  at  a  na-'*' 
ral  classification  in  any  department  in  nature,  will  see  here  a  9-  *^ 
example  of  the  problems  which  such  attempts  propose,  of  the  diffi<^  '^^^^ 
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tics  wbicli  it  may  proscnt,  and  of  the  reasonini^s,  labors,  cautions,  and 
varied  resources,  by  means  of  which  its  solution  is  sought,  when  a 
great  philosophical  naturalist  girds  himself  to  the  task.  We  see  here 
most  instructively,  how  different  the  endeavor  to  frame  such  a  natura 
system,  is  from  the  procedure  of  an  artificial  system,  which  carries 
imperatively  through  the  whole  of  a  class  of  organized  beings,  a  sys 
tem  of  marks  either  arbitrary,  or  conformable  to  natural  affinities  in  i 
partial  degree.  And  we  have  not  often  the  advantage  of  having  the 
reasons  for  a  systematic  arrangement  so  clearly  and  fully  indicated,  as 
18  done  here,  and  in  the  descriptions  of  the  separate  orders. 

Thla  arrangement  Cuvier  adhered  to  in  all  its  main  points,  both  in 
tbe  second  edition  of  the  Ekfjme  Animal,  published  in  1821,  and  in  his 
Sisicire  Naturelle  des  Paissons,  of  which  the  first  volume  was  published 
in  1628,  but  which  unfortunately  was  not  completed  at  the  time  of  his 
deati.  It  may  be  supposed,  therefore,  to  bo  in  accordance  with  those 
^fiews  of  zoological  philosophy,  which  it  was  the  business  of  his  life  to 
«Mf™  and  to  apply ;  and  in  a  work  like  the  present,  where,  upon  so 
"^Igc  a  question  9f  natural  history,*  we  must  be  directed  in  a  great 
measure  by  the  analogy  of  the  history  of  science,  and  by  the  judgments 
wtuch  seem  most  to  have  the  character  of  wisdom,  we  appear  to  be 
justified  in  taking  Cuvier's  ichthyological  system  as  the  nearest 
Vproach  which  has  yet  been  made  to  a  natural  method  in  that  depart- 
ment. 

The  true  natural  method  is  only  one :  artificial  methods,  and  oven 
good  ones,  there  may  be  many,  as  we  have  seen  in  botany ;  and  each 
of  these  may  have  its  advantages  for  some  particular  use.     On  some 
methods  of  this  kind,  on  which  naturalists  themselves  have  hardly  yet 
aad  time  to  form  a  stable  and  distinct  opinion,  it  is  not  our  office  to 
decide.    But  judging;  as  I  have  already  said,  from  the  general  analo- 
gy of  the  natural  sciences,  I  find  it  difficult  to  conceive  that  the  ich- 
thyological  method  of  M.  Agassiz,  recently  propounded  with  an  espe- 
cial ref(irencc  to  fossil  fishes,  can  be  otherwise  than  an  artificial  method. 
■** »  founded  entirely  on  one  part  of  the  animal,  its  scaly  covering,  and 
c^en  on  a  single  scale.     It  does  not  conform  to  that  which  almost  all 
*^*^^atic   ichthyologists  hitherto  have   considered  as  a  permanent 
ataral  distinction  of  a  high  order ;  the  distinction  of  bony  and  cartila- 
^''ou^  fishes ;  for  it  is  stated  that  each  order  contains  examples  of 
•  *      I  do  not  know  what  general  anatomical  or  physiological 


'  Dr.  Buckland's  Bridgewater  Treatise,  p.  270. 
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traths  it  brings  into  view ;  but  they  ought  to  be  very  important  and 
striking  ones,  to  entitle  them  to  supersede  those  which  led  Cuvier  to 
his  system.  To  this  I  may  add,  that  the  new  ichthyological  classificaUon 
docs  not  seem  to  form,  as  we  should  expect  that  any  great  advance 
towards  a  natural  system  would  form,  a  connected  sequel  to  the  past 
history  of  ichthyology ; — a  step  to  which  anterior  discoveries  and  im- 
provements have  led,  and  in  which  they  are  retained. 

But  notwithstanding  these  considerations,  the  method  of  M.  Agassiz 
has  probably  very  great  advantages  for  his  purpose ;  for  in  the  case  of 
fossil  fish,  the  parts  which  are  the  basis  of  his  system  often  remain, 
when  even  the  skeleton  is  gone.  And  we  may  here  again  refer  to  a 
principle  of  the  classificatory  sciences  which  we  cannot  make  too  pro- 
minent ; — all  arrangements  and  nomenclatures  are  good,  which  enable 
us  to  assert  general  propositions.  Tried  by  this  test,  we  cannot  fail  to 
set  a  high  value  on  the  arrangement  of  M.  Agassiz ;  for  propositions  of 
the  most  striking  generality  respecting  fossil  remains  of  fish,  of  which 
geologists  before  had  never  dreamt,  are  enunciated  by  means  of  his 
groups  and  names.  Thus  only  the  two  first  orders,  the  Placoidians 
and  Oanoidians,  existed  before  the  commencement  of  the  cretaceous 
formation :  the  third  and  fourth  orders,  the  Ctenoidians  and  Cycldi- 
dians,  which  contain  three-fourths  of  the  eight  thousand  known  spe- 
cies of  living  Fishes,  appear  for  the  first  time  in  the  cretaceous  forma- 
tion :  and  other  geological  relations  of  these  orders,  no  less  remarkable, 
have  been  ascertained  by  M.  Agassiz. 

But  we  have  now,  I  trust,  pursued  these  sciences  of  classification  suf- 
ficiently far ;  and  it  is  time  for  us  to  enter  upon  that  higher  domain 
of  Physiology  to  which,  as  we  have  said.  Zoology  so  irresistibly  directs 
us. 

[2nd  Ed.]  [I  have  retained  the  remarks  which  I  ventured  at  first  to 
make  on  the  System  of  M.  Agassiz ;  but  I  believe  the  opinion  of  the 
most  philosophical  ichthyologists  to  be  that  Cuvier's  System  was  too 
exclusively  based  on  the  internal  skeleton,  as  Agassiz's  was  on  the 
external  skeleton.  In  some  degree  both  systems  have  been  superseded, 
while  all  that  was  true  in  each  has  been  retained.  Mr.  Owen,  in  his 
Lectures  on  Vertehrata  (1846),  takes  Cuvierian  characters  from  the 
endo-skeleton,  Agassizian  ones  from  the  exo-skeleton,  Linnsean  ones 
from  the  ventral  fins,  Mttllerian  ones  from  the  air-bladder,  and  combines 
them  by  the  light  of  his  own  researches,  with  the  view  of  forming  a 
system  more  truly  natural  than  any  preceding  one. 

As  I  have  said  above,  naturalists,  in  their  progress  towards  a  Natural 
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System,  are  guided  bj  physiological  relations,  latently  in  Botany,  but 
conspicnoasly  in  Zoology.  From  the  epoch  of  Gavier's  Ehgne  Ammal, 
the  progress  of  Systematic  Zoology  is  inseparably  dependent  on  the 
progresB  of  Comparative  Anatomy.  Hence  I  have  placed  Cuvier's 
CUnBification  of  animal  forms  in  the  next  Book,  which  treats  of  Phy- 
■iology.] 
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INTRODUCTION. 
Of  the  Organical  Sciences 

THOUGH  the  general  notion  of  life  is  acknowledged  by  the  most 
profound  philosophers  to  be  dim  and  mysterious,  even  up  to  the 
present  time;  and  must,  in  the  early  stages  of  human  speculation, 
have  been  still  more  ol)scure  and  confused;  it  was  sufficient,  even 
then,  to  give  interest  and  connexion  to  men's  observations  upon  their 
own  bodies  and  those  of  other  animals.  It  was  seen,  that  in  living 
things,  certain  peculiar  processes  were  constantly  repeated,  as  those 
of  breathing  and  of  taking  food,  for  example ;  and  that  a  certain  con- 
formation of  the  parts  of  the  animal  was  subservient  to  these  pro- 
cesses ;  and  thus  were  gradually  formed  the  notions  of  Function  and 
of  Organization,  And  the  sciences  of  which  these  notions  formed  the 
basis  are  clearly  distinguishable  from  all  those  which  we  have  hitherto 
considered.  We  conceive  an  organized  body  to  be  one  in  which  the 
parts  are  there  for  the  sake  of  the  whole,  in  a  manner  different  from 
any  mechanical  or  chemical  connexion  ;  we  conceive  a  function  to  be 
not  merely  a  process  of  change,  but  of  change  connected  with  the 
general  vital  process.  When  mechanical  or  chemical  processes  occur 
in  the  living  body,  they  are  instrumental  to,  and  directed  by,  the 
peculiar  powers  of  life.  The  sciences  which  thus  consider  organiza- 
tion and  vital  functions  may  be  termed  organical  sciences. 

When  men  began  to  speculate  concerning  such  subjects,  the  general 
mode  of  apprehending  the  process  in  the  cases  of  some  functions, 
appeared  to  be  almost  obvious ;  thus  it  was  conceived  that  the  growth 
of  animals  arose  from  their  frame  appropriating  to  itself  a  part  of  the 
substance  of  the  food  through  the  various  passages  of  the  body. 
Under  the  influence  of  such  general  conceptions,  speculative  men  were 
naturally  led  to  endeavor  to  obtain  more  clear  and  definite  views  of 
the  course  of  each  of  such  processes,  and  of  the  mode  in  which  the 
separate  parts  contributed  to  it.  Along  with  the  observation  of  the 
living  person,  the  more  searching  examination  which  could  be  carried 
on  in  the  dead  body,  and  the  comparison  of  various  kinds  of  animals, 
K)on  showed  that  this  pursuit  was  rich  in  knowledge  and  in  interest. 
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:ircum8tanc<5  which  makes  physiology  an  important  part  of  our  survey 
>f  human  knowledge  is,  that  wo  have  here  a  science  which  is  con- 
cerned, indeed,  about  material  combinations,  but  in  which  we  are  led 
ilmost  beyond  the  borders  of  the  material  world,  into  the  region  of 
^nsation  and  perception,  thought  and  will.  Such  a  contemplation 
nay  offer  some  suggestions  which  may  prepare  us  for  the  transition 
rom  physical  to  metaphysical  speculations. 

In  the  survey  which  we  must,  for  such  purposes,  take  of  the  pro- 
press  of  physiology,  it  is  by  no  means  necessary  that  we  should 
^xhaust  the  subject,  and  attempt  to  give  the  history  of  every  branch 
)f  the  knowledge  of  the  phenomena  and  laws  of  living  creatures.  It 
^ill  bo  sufficient,  if  we  follow  a  few  of  the  lines  of  such  researches, 
which  may  be  considered  as  examples  of  the  whole.  We  see  that 
ife  is  accompanied  and  sustained  by  many  processes,  which  at  first 
>ffer  themselves  to  our  notice  as  separate  functions,  however  they  may 
ifterwards  be  found  to  be  connected  and  identified ;  such  are  feeling, 
iigestion,  respiration,  the  action  of  the  heart  and  pulse,  generation, 
perception,  voluntary  motion.  The  analysis  of  any  one  of  these 
'unctions  may  be  pursued  separately.  And  since  in  this,  as  in  all 
genuine  sciences,  our  knowledge  becomes  real  and  scientific,  only  in  so 
'ar  as  it  is  verified  in  particular  facts,  and  thus  established  in  general 
propositions,  such  an  original  separation  of  the  subjects  of  research  is 
requisite  to  a  true  representation  of  the  growth  of  real  knowledge. 
Fhe  loose  hypotheses  and  systems,  concerning  the  connexion  of  differ- 
ent vital  faculties  and  the  general  nature  of  living  things,  which  have 
jfben  been  promulgated,  must  be  excluded  from  this  part  of  our  plan. 
We  do  not  deny  all  value  and  merit  to  such  speculations ;  but  they 
;annot  be  admitted  in  the  earlier  stages  of  the  history  of  physiology, 
treated  of  as  an  inductive  science.  If  the  doctrine  so  propounded 
bave  a  solid  and  permanent  truth,  they  will  again  come  before  us 
^hen  we  have  travelled  through  the  range  of  more  limited  truths,  and 
ire  prepared  to  ascend  with  security  and  certainty  into  the  higher 
egion  of  general  physiological  principles.  If  they  cannot  be  arrived 
t  by  such  a  road,  they  are  then,  however  plausible  and  pleasing,  no 
►ortion  of  that  real  and  progressive  science  with  which  alone  our  his- 
ory  is  concerned. 

We  proceed,  therefore,  to  trace  the  establishment  of  some  of  the 
Qore  limited  but  certain  doctrines  of  physiology. 
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CHAPTER  I. 

Discovery  of  the  Organs  of  Voluntary  Motion. 

Sect,  1. — Knowledge  of  Galen  and  his  Predecessors, 

IN  the  earliest  conceptions  which  men  entertained  of  their  powear"  ^ 
moving  their  own  members,  they  probably  had  no  thought  of  «»^^y 
mechanism  or  organization  by  which  this  was  effected.  The  foot  ^fc-^^d 
the  hand,  no  less  than  the  head,  were  seen  to  be  endowed  with  Ix^^* 
and  this  pervading  life  seemed  sufficiently  to  explain  the  power  ^^ 
motion  in  each  part  of  the  frame,  without  its  being  held  necessary  "^ 
seek  out  a  special  scat  of  the  will,  or  instruments  by  which  its  impvi-l^** 
were  made  effective.  But  the  slightest  inspection  of  dissected  anici:^^'* 
showed  that  their  limbs  were  formed  of  a  curious  and  complex  coH^** 
tion  of  cordage,  and  communications  of  various  kinds,  running  aloi^g 
and  connecting  the  bones  of  the  skeleton.  These  cords  and  commti.'Ki'* 
cations  we  now  distinguish  as  muscles,  nerves,  veins,  arteries,  &c;  ^""^^ 
among  these,  we  assign  to  the  muscles  the  office  of  moving  the  j^^^^ 
to  which  they  are  attached,  as  cords  move  the  parts  of  a  mach-i^*^ 
Though  this  action  of  the  muscles  on  the  bones  may  now  appear  %r^^ 
obvious,  it  was,  probably,  not  at  first  discerned.  It  is  observed  -tl*^^ 
Homer,  who  describes  the  wounds  which  are  inflicted  in  his  batr**^** 
with  so  much  apparent  anatomical  precision,  nowhere  employs  the  v^^^*^^ 
muscle.  And  even  Hippocrates  of  Cos,  the  most  celebrated  physic?^^^" 
of  antiquity,  is  held  to  have  had  no  distinct  conception  of  such.  ^"^ 
organ.*  He  always  employs  the  word  Jlesh  when  he  means  mu^^^^ 
and  the  first  explanation  of  the  latter  word  (jivg)  occurs  in  a  spurio'*^ 
work  ascribed  to  him.  For  ucrves,  sinews,  ligaments,'  he  used  md  ^  ^ 
criminatcly  the  same  tonus  ;  (covoj  or  vsupov ;)  and  of  these  nerves  (ysvp^^^) 
he  asserts  that  they  contract  the  limbs.  Nor  do  we  find  much  mo^^^ 
distinctness  on  this  subject  even  in  Aristotle,  a  generation  or  two  late -^^' 
"  The  origin  of  the  vsupa,'*  he  says,'  "  is  from  the  heart ;  they  connci^^  * 
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lie  bones,  and  sorround  the  joints."  It  is  clear  that  he  means  here 
he  muscles,  and  therefore  it  is  with  injustice  that  he  has  been  accused 
'f  the  gross  error  of  deriving  the  nerves  from  the  heart.  And  he  in 
icld  to  have  really  had  the  mcrit^  of  discovering  the  nerves  of  sensa- 
ioD,  which  he  calls  the  "  canals  of  the  brain  "  (^opoi  rou  syxs^oCkou)  ;  but 
he  analysis  of  the  mechanism  of  motion  is  left  by  him  almost  untouched, 
i^erhaps  his  want  of  sound  mechanical  notions,  and  his  constant  strain- 
ng  after  verbal  generalities,  and  systematic  classifications  of  the  widest 
dnd,  supply  the  true  account  of  his  tlius  missing  the  solution  of  one 
»f  the  simplest  problems  of  Anatomy. 

In  this,  however,  as  in  other  subjects,  his  immediate  predecessors 
vera  far  from  remedying  the  deficiencies  of  his  doctrines.  Tliose  who 
irofessed  to  study  physiology  and  medicine  were,  for  the  most  part, 
(tudious  only  to  frame  some  general  system  of  abstract  principles, 
vhich  might  give  an  appearance  of  connexion  and  profundity  to  their 
;enet8.  In  this  manner  the  successors  of  Hippocrates  became  a  medi- 
cal school,  of  great  note  in  its  day,  designated  as  the  Dogmatic 
ichool  ;*  in  opposition  to  which  arose  an  Empiric  sect,  who  professed 
JO  deduce  their  modes  of  cure,  not  from  theoretical  dogmas,  but  from 
jxperience.  These  rival  parties  prevailed  principally  in  Asia  Minoi 
uad  Efeypt,  during  the  time  of  Alexander's  successors, — a  period  rich 
n  names,  but  poor  in  discoveries ;  and  we  find  no  clear  evidence  of 
my  decided  advance  in  anatomy,  such  as  we  are  here  attempting  to 
race. 

The  victories  of  Lucullus  and  Pompeius,  in  Greece  and  Asia,  made 
be  Romans  acquainted  with  the  Greek  philosophy ;  and  the  conse- 
quence soon  was,  that  shoals  of  philosophers,  rhetoricians,  poets,  and 
physicians*  streamed  from  Greece,  Asia  Minor,  and  Egypt,  to  Rome 
ind  Italy,  to  traflic  their  knowledge  and  their  arts  for  Roman  wealth. 
Among  these,  was  one  person  whose  name  makes  a  great  figure  in  the 
listory  of  medicine,  Asclepiades  of  Prusa  in  Bithynia.  This  man 
ippcars  to  have  been  a  quack,  with  the  usual  endowments  of  his  class ; 
—boldness,  singularity,  a  contemptuous  rejection  of  all  previously 
steemed  opinions,  a  new  classification  of  diseases,  a  new  list  of  medi- 
ines,  and  the  assertion  of  some  wonderful  cures.  He  would  not,  on 
ach  accounts,  deserve  a  place  in  the  history  of  science,  but  that  he 
ecame  the  founder  of  a  new  school,  the  Methodic,  which  professed  to 
old  itself  separate  both  from  the  Dogmatics  and  the  Empirics. 
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I  have  noticed  these  schools  of  medicine,  because,  though  I  am  ^^ol^ 
able  to  state  distinctly  their  respective  merits  in  the  cultivation       < 
anatomy,  a  great  progress  in  that  science  was  undoubtedly  made  <1  v 
ring  their  domination,  of  which  the  praise  must,  I  conceive,  be     ii 
some  way  divided  among  them.    The  amount  of  this  progress  we  sun 
able  to  estimate,  when  wo  come  to  the  works  of  Galen,  who  flouriali^^ 
under  the  Antonines,  and  died  about  a.d.  203.     The  following  pass- 
age from  his  works  will  show  that  this  progress  in  knowledge  waa  not 
made  without  the  usual  condition  of  laborious  and  careful  experiment^ 
while  it  implies  the  curious  fact  of  such  experiment  being  condactod 
by  means  of  family  tradition  and  instruction,  so  as  to  give  rise  to    a 
caste  of  dissectors.    In  the  opening  of  his  Second  Book  On  Anatomi* 
col  Manipulations^  he  speaks  thus  of  his  predecessors :  "  I  do  not 
blame  the  ancients,  who  did  not  write  books  on  anatomical  mampula^ 
tion ;  though  I  praise  Marinus,  who  did.     For  it  was  superfluoos  fat 
them  to  compose  such  records  for  themselves  or  others,  while  they 
were,  from  their  childhood,  exercised  by  their  parents  in  dissecting, 
just  as  familiarly  as  in  writing  and  reading;  so  that  there  was  do 
more  fear  of  their  forgetting  their  anatomy,  than  of  forgetting  their 
alphabet.     But  when  grown  men,  as  well  as  children,  were  tanght, 
this  thorough  discipline  fell  off;  and,  the  art  being  carried  out  of  the 
family  of  the  Asclepiads,  and   declining  by  rcpeat<3d   transmission, 
books  became  necessary  for  the  student." 

That  the  general  structure  of  the  animal  frame,  as  composed  of 
l)ones  and  muscles,  was  known  with  great  accuracy  before  the  time  of 
Galen,  is  manifest  from  the  nature  of  the  mistakes  and  deficiencies  of 
his  predecessors  which  he  finds  it  nccessar}^  to  notice.     Thus  ho  ob 
serves,  that  some  anatomists  have  made  one  muscle  into  two,  from  i' 
having  two  heads ; — that  they  have  overlooked  some  of  the  muscl 
in  the  face  of  an  ape,  in  consequence  of  not  skinning  the  animal  ^ 
their  own  hands; — and  the  like.     Such  remarks  imply  that  the  < 
rent  knowledge  of  this  kind  was  tolerably  complete.     Galen's  ' 
views  of  the  general  mechanical  structure  of  an  animal  are  very  < 
and  sound.     The  skeleton,  he  observes,  discharges'  the  office  o^ 
pole  of  a  tent,  or  the  walls  of  a  house.     With  respect  to  the  acti 
the  muscles,  his  views  were  anatomically  and  meclianieallv  co' 
in  some  instances,  he  showed  what  this  action  was,  by  severii 
muscle.*     He  himself  added  considerablv  to  the  (.'.\istino-  knowle 
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subject ;  and  his  discoveries  and  descriptions,  even  of  very  minut« 
3  of  the  muscular  system,  are  spoken  of  with  praise  by  modern 
omists.* 

/o  may  consider,  therefore,  that  the  doctrine  of  the  muscular  sys 
as  a  collection  of  cords  and  sheets,  by  the  contraction  of  which 
parts  of  the  body  are  moved  and  supported,  was  firmly  established, 
completely  followed  into  detail,  by  Galen  and  his  preilccessors. 
there  is  another  class  of  organs  connected  with  voluntary  motion, 
lervcs,  and  we  must  for  a  moment  trace  the  opinions  which  pre- 
1  respecting  these.  Aristotle,  as  we  have  said,  noticed  some  of 
erves  of  sensation.  But  Herophilus,  who  lived  in  Egypt  in  the 
of  the  first  Ptolemy,  distinguished  nerves  as  the  organs  of  the 
*  and  Rufus,  who  lived  in  the  time  of  Trajan,"  divides  the  nerves 
sensitive  and  motive,  and  derives  them  all  from  the  brain.  But 
3id  not  imply  that  men  had  yet  distinguished  the  nerves  from 
luscles.  Even  Galen  maintained  that  every  muscle  consists  of  a 
le  of  nerves  and  sinews."  But  the  important  points,  the  neces- 
>f  the  nerve,  and  the  origination  of  all  this  apparatus  of  motion 
the  brain,  he  insists  upon  with  great  clearness  and  force.  Thus 
roved  the  necessity  experimentally,  by  cutting  through  some  of 
>undles  of  ner\'es,"  and  thus  preventing  the  corresponding  mo- 
.  And  it  is,  he  says,"  allowed  by  all,  both  physicians  and  philo- 
irs,  that  where  the  origin  of  the  nerve  is,  there  the  scat  of  the 
[■J^ixovixov  Trig  4^u;(%)  must  be  :  now  this,  he  adds,  is  in  the  brain, 
vot  in  the  heart. 

I  us  the  general  construction  and  arrangement  of  the  organization 
lich  voluntary  motion  is  effected,  was  well  made  out  at  the  time  of 
1,  and  is  found  distinctly  delivered  in  his  works.  We  cannot,  per- 
justly  ascribe  any  largo  portion  of  the  general  discovery  to  him : 
sd,  the  conception  of  the  mechanism  of  the  skeleton  and  muscles 
;)robably  so  gradually  unfolded  in  the  minds  of  anatomical  students, 
it  would  be  difficult,  even  if  wc  knew  the  labors  of  each  person, 
lect  one,  as  peculiarly  tlie  author  of  the  discovery.  But  it  is  clear 
all  those  who  did  materially  contribute  to  the  establishment  of 
doctrine,  must  have  possessed  the  qualifications  which  we  find  in 
ri  for  such  a  task ;  namely,  clear  mechanical  views  of  what  the 
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tensions  of  collections  of  strings  could  do,  and  an  exact  practical  acqaaia-^.^ 
tancc  with  the  muscular  cordage  which  exists  in  the  animal  frame  ;- 
in  short,  in  this  as  in  other  instances  of  real  advance  in  science,  1 
must  have  been  clear  ideas  and  real  facts,  unity  of  thought  and  exteir^ 
of  observation,  brought  into  contact. 

Sect.  2. — Recognition  of  Final  Causes  in  Physiology.     Galen. 


There  is  one  idea  which  the  researches  of  the  physiologist  and 
anatomist  so  constantly  force  upon  him,  that  he  cannot  help  aaanmii — ^ 
it  as  one  of  the  guides  of  his  speculations ;  I  mean,  the  idea  of  a  jmc  ^r- 
pose,  or,  as  it  is  called  in  Aristotelian  phrase,  a  final  cause,  in  tiKae 
arrangements  of  the  animal  frame.     It  is  impossible  to  doubt  that  tiftse 
motive  nerves  run  along  the  limbs,  in  order  that  they  may  convey   '^ 
the  muscles  th«  impulses  of  the  will ;  and  that  the  muscles  are  attach^ 
to  the  bones,  in  wder  that  they  may  move  and  support  them.    Tbu 
conviction  prevails  so  steadily  among  anatomists,  that  even  when  tlie 
use  of  any  part  is  altogether  unknown,  it  is  still  taken  for  granted  that 
it  has  some  use.     The  developement  of  this  conviction, — of  a  purpose 
in  the  parts  of  animals, — of  a  function  to  which  each  portion  of  th« 
organization  is  subservient, — contributed  greatly  to  the  progress  of 
physiology ;  for  it  constantly  urged  men  forwards  in  their  researchca 
respecting  each  organ,  till  some  definite  view  of  its  purpose  was 
obtained.     The  assumption  of  hypothetical  final  causes  in  Physics  may 
have  been,  as  Bacon  asserts  it  to  have  been,  prejudicial  to  science;  bat 
tlie  assumption  of  unknown  final  causes  in  Physiology,  has  given  rise 
to  the  science.     The  two  branches  of  speculation.  Physics  and  fhysi- 
o!ogy,  were  equally  led,  by  every  new  phenomenon,  to  ask  their  ques- 
tion, "Why I"     But,  in  the  former  case,  "why"  meant  "through 
\Nhat  cause  ?"  in  the  latter,  "  for  what  end  ?"     And  though  it  may  b« 
jossiblc  to  introduce  into  physiology  the  doctrine  of  efficient  cau»e®» 
such  a  step  can  never  obliterate  the  obligations  which  the  science  ow^* 
to  the  pervading  conception  of  a  purpose  contained  in  all  organizatic^^'^ 
This  conception  makes  its  appearance  very  early.     Indeed,  withc^*^^ 
any  special  study  of  our  structure,  the  thought,  that  we  are  feaifuL^^ 
and  wonderfully  made,  forces  itself  upon  men,  with  a  mysterious  ic^^* 
pressiveness,  as  a  suggestion   of  our  Maker.     In   this  bearing,  tB^^ 
thought  is  developed  to  a  considerable  extent  in  the  well-known  p^^^ 
sai^c  in  Xenophon's  Conversations  of  Socrates.     Nor  did  it  ever  lose  ^^^ 
hoM  on  sober-minded  and  instructed  men.    The  Epicureans,  indee-^''^^*^^^ 
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the  eye  wasr  not  made  for  seeing,  nor  the  ear  for  hearing : 
piades,  whom  we  have  already  mentioned  as  an  impudent 

adopted  this  wild  dogma."  Sucli  assertions  required  no 
[t  is  easy,"  says  Galen,"  "  for  people  like  Asclepiades,  when 
J  to  any  difficulty,  to  say  that  Nature  has  worked  to  no  pur- 
he  great  anatomist  himself  pursues  his  subject  in  a  very 
«mper.  In  a  well-known  passage,  he  breaks  out  into  au 
ic  scorn  of  the  folly  of  the  atheistical  notions."  "  Try,"  he 
ou  can  imagine  a  shoe  made  with  half  the  skill  which  appears 
in  of  the  foot."  Some  one  had  spoken  of  a  structure  of  the 
dy  which  he  would  have  preferred  to  that  which  it  now  has. 
lien  exclaims,  after  pointing  out  the  absurdity  of  the  imagi- 
ne, "  see  what  brutishness  there  is  in  this  wish.  But  if  I 
►end  more  words  on  such  cattle,  reasonable  men  might  blame 
jccrating  my  work,  which  I  regard  as  a  religious  hjrmn  in 
he  Creator." 

ras  from  the  first  highly  esteemed  as  an  anatomist.  He  was 
of  Pergaraus  ;  and  after  receiving  the  instructions  of  many 
nd  philosophical  professors,  and  especially  of  those  of  Alex- 
liich  was  then  the  metropolis  of  the  learned  and  scientific 
came  to  Rome,  where  his  reputation  was  soon  so  great  as  to 

envy  and  hatred  of  the  Roman  physicians.  The  emperors 
Lurelius  and  Lucius  Verus  would  have  retained  him  near 
t  he  preferred  pursuing  his  travels,  directed  principally  by 

When  he  died,  he  left  behind  him  numerous  works,  all  of 
reat  value  for  tlie  light  they  throw  on  the  history  of  anatomy 
tine  ;  and  these  were  for  a  long  period  the  storehouse  of  all 
mportant  anatomical  knowledge  which  the  world  possessed. 
iQ  of  intellectual  barrenness  and  servility,  among  the  Ara- 

the  Europeans  of  the  dark  ages,  the  writings  of  Galen  had 
questioned  authority ;"  and  it  was  only  by  an  uncommon 
idependent  thinking  that  Abdollatif  ventured  to  assert,  that 
n's  assertions  must  give  way  to  the  evidence  of  the  senses, 
modern  times,  when  Vesalius,  in  the  sixteenth  century, 
alcn  of  mistakes,  he  drew  upon  himself  the  hostility  of  the 
ly  of  physicians.     Yet  the  mistakes  were  such  as  might  have 
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is  there  asserted^  ^  is  accompanied  by  a  vein ;  the  former  are  filled 
ilj  with  breath  or  air.*^  *  But  whether  or  no  this  passage  be  Aris- 
tle*8,  he  held  opinions  equally  erroneous ;  as,  that  the  windpipe  con- 
ijB  air  into  the  hcart^  Galen  *  was  fai  from  having  views  respecting 
e  blood-vessels,  as  sound  as  those  which  he  entertained  concerning 
0  mnsclcs.  He  held  the  liver  to  be  the  origin  of  the  veins,  and  the 
lit  of  the  arteries.  He  was,  however,  acquainted  with  their  junc- 
Dfl»  or  anastomoses.  But  we  find  no  material  advance  in  the  know- 
ge  of  this  subject,  till  wo  overleap  the  blank  of  the  middle  ages,  and 
ch  the  dawn  of  modem  science. 

rhe  &ther  of  modem  anatomy  is  held  to  be  Mondino,'  who  dis- 
ked and  taught  at  Bologna  in  1315.  Some  writers  have  traced  in 
i  the  rudiments  of  the  doctrine  of  the  circulation  of  the  blood ;  for 
aajB  that  the  heart  transmits  blood  to  the  lungs.  But  it  is  allowed, 
t   he  afterwards  destroys  the  merit  of  his  remark,  by  repeating  the 

assertion  that  the  left  ventricle  ought  to  contain  spirit  or  air,  which 
generates  from  the  blood. 

A^natomy  was  cultivated  with  gi-eat  diligence  and  talent  in  Italy  by 
liillini,  Carpa,  and  Messa,  and  in  France  by  Sylvius  and  Stephanus 
^^bois  and  Etiennc).  Yet  still  these  empty  assumptions  respecting 
-  heart  and  blood-vessels  kept  their  ground.  Vesalius,  a  native  of 
^ssels,  has  been  termed  the  founder  of  human  anatomy,  and  his 
-at  work  J)e  Huinani  Corporis  Fahricd  is,  even  yet,  a  splendid 
^liument  of  art,  as  well  as  science.  It  is  said  that  his  figures  were 
signed  by  Titian ;  and  if  this  be  not  exactly  true,  says  Cuvier,'  they 
*st,  at  least,  be  from  the  pencil  of  one  of  the  most  distinguished 
pils  of  the  great  painter ;  for  to  this  day,  though  we  have  more 
'^hed  drawings,  we  have  no  designs  that  arc  more  artistlike.  Fallo- 
ws, who  succeeded  Vesalius  at  Padua,  made  some  additions  to  the 
Marches  of  his  predecessor ;  but  in  his  treatise  JDe  Principio  Vena- 
^  it  is  clearly  seen*  that  the  circulation  of  the  blood  was  unknown 

liim.  Eustachius  also,  whom  Cuvier  groups  with  Vesalius  and 
Uopius,  as  the  three  great  founders  of  modern  anatomy,  wrote  a 
atise  on  the  vein  azygos^  which  is  a  little  treatise  on  comparative 
itomy ;  but  the  discovery  of  the  functions  of  the  veins  came  from  a 
TereTit  quarter. 
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The  unfortunate  Scrvetus,  who  was  burnt  at  Geneva  as  a  heretic   ^ 
1558,  is  the  first  person  who  speaks  distinctly  of  the  small  circulation 
or  that  which  carries  the  blood  from  the  heart  to  the  lungs,  and  baxd 
again  to  the  heart.     His  work  entitled  Christianismi  JRestiluUo  ivaj 
also  burnt ;  and  only  two  copies  are  known  to  have  escaped  the  flaiQes, 
It  is  in  this  work  that  he  asserts  the  doctrine  in  question,  as  a  colla- 
teral argument  or  illustration  of  his  subject.    "  The  communicatioD 
between  the  right  and  left  ventricle  of  the  heart,  is  made,"  he  sajg, 
"  not  as  is  commonly  believed,  through  the  partition  of  the  heart,  but 
by  a  remarkable  artifice  {magno  artificio)  the  blood  is  carried  from  the 
right  ventricle  by  a  long  circuit  through  the  lungs ;  is  elaborated  bj 
the  lungs,  made  yellow,  and  transfused  from  the  vena  arterion  into 
the  arteria  venosaP     This  truth  is,  however,  mixed  with  various  of  the 
traditional  fancies  concerning  the  "  vital  spirit,  which  has  its  origin  in 
the  left  ventricle."     It  may  be  doubted,  also,  how  far  Servetos  fonfted 
his  opinion  upon  conjecture,  and  on  a  hypothetical  view  of  the  fonnt- 
tion  of  this  vital  spirit    And  we  may,  perhaps,  more  justly  ascribe 
the  real  establishment  of  the  pulmonary  circulation  as  an  indoctiTC 
truth,  to  Rcaldus  Columbus,  a  pupil  ahd  successor  of  Vesalius  »t 
Padua,  who  published  a  work  Be  Re  Anatomica  in  1559,  in  which  he 
claims  this  discovery  as  his  own." 

Andrew  Ctesiilpinus,  who  has  already  come  under  our  notice  as  one 
of  the  fathers  of  modern  inductive  science,  both  by  his  metaphysical 
and  his  physical  speculations,  described  the  pulmonary  circulation stiU 
more  completely  in  his  Quaistiones  Peripatetica;,  and  even  seemed  to 
be  on  the  eve  of  discovering  the  great  circulation ;  for  he  remarked 
the  swelling  of  veins  below  ligatures,  and  inferred  from  it  a  reflnent 
motion  of  blood  in  these  vessels."  But  another  discovery  of  structure 
was  needed,  to  prepare  the  way  for  this  discovery  of  function ;  and 
this  was  made  by  Fabricius  of  Acquapendente,  who  succeeded  in  the 
grand  list  of  great  professors  at  Padua,  and  taught  there  for  fifty 
years."  Sylvius  had  discovered  the  existence  of  the  valves  of  the 
veins;  but  Fabricius  remarked  that  they  are  all  turned  towards  the 
heart  Combining  this  disposition  with  that  of  the  valves  of  the 
heart,  and  with  the  absence  of  valves  in  the  arteries,  ho  might  have 
come  to  the  conclusion"  that  the  blood  moves  in  a  diflferent  direction 
in  the  arteries  and  in  the  veins,  and  might  thus  have  discovered  tho 
circulation :  but  this  glory  was  reserved  for  William  Harvey :  so  true 
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res  Cuvier,  that  we  are  often  on  tibe  brink  of  a  discovery 
pecting  that  we  are  so ; — so  trae  is  it^  we  may  add,  that  a 
cession  of  time  and  of  persons  is  generally  necessary  to 
aen  with  one  thooght,  before  they  can  advance  to  that 
3  next  in  order. 

. — The  Diicovery  of  th$  Circulatian  made  hy  Harvey, 

ABVET  was  bom  in  15^8,  at  Folkestone  in  Kent.**  He 
at  Cambridge :  he  afterwards  went  to  Padna,  where  the 
Fabricins  of  Acqoapendento  attracted  from  all  parts  those 
I  to  be  instructed  in  anatomy  and  physiology.  In  this 
.  by  the  discovery  of  the  valves  of  the  veins,  which  his 
recently  made,  and  reflecting  on  the  direction  of  the  valves 
t  the  entrance  of  the  veins  into  the  heart,  and  at  the  exit 
ies  from  it,  he  conceived  the  idea  of  making  experiments, 
determine  what  is  the  coarse  of  the  blood  in  its  vessels, 
lat  when  he  tied  up  veins  in  various  animals,  they  swelled 
gature,  or  in  the  part  furthest  from  the  heart ;  while  arte- 
likei  ligature,  swelled  on  the  side  next  the  heart  Combin- 
3ts  with  the  direction  of  the  valves,  he  came  to  the  conclu- 
le  blood  is  impelled,  by  the  left  side  of  the  heart,  in  the 
;he  extremities,  and  thence  returns  by  the  veins  into  the 
f  the  heart  lie  showed,  too,  how  this  was  confirmed  by 
cna  of  the  pulse,  and  by  the  results  of  opening  the  vessels, 
also,  that  the  circulation  of  the  lungs  is  a  continuation  of 
Irculation ;  and  thus  the  whole  doctrine  of  the  double  cir- 
\  established. 

experiments  had  been  made  in  1616  and  1618;  it  is 
jaid  that  he  first  promulgated  his  opinion  in  1619 ;  but 
ript  of  the  lectures,  delivered  by  him  as  lecturer  to  the 
Physicians,  is  extant  in  the  British  Museum,  and,  contain- 
positions  on  which  the  doctrine  is  founded,  refers  them  to 
It  was  not  till  1628  that  he  published,  at  Frankfort,  his 
Anatomica  de  Motu  Cordis  et  Sanguinis ;  but  he  there 
.t  he  had  for  above  nine  years  confirmed  and  illustrated  his 
is  lectures,  by  arguments  grounded  upon  ocular  demonstra 
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Sect.  3. — Reception  of  the  Discovery. 

Without  dwelling  long  upon  the  circumstances  of  the  general  rec^ 
tion  of  this  doctrine,  we  may  observe  that  it  was,  for  the  most  {^^ 
readily  accepted  by  his   countrymen,   but  that  abroad  it  had   f^ 
encounter  considerable  opposition.     Although,  as  we  have  seen,  fc^ 
predecessors  had  approached  so  near  to  the  discovery,  men's  rmnda 
were  by  no  means  as  yet  prepared  to  receive  it.     Several  pbysiciaiB 
denied  the  truth  of  the  opinion,  among  whom  the  most  eminent  was 
Riolan,  professor  at  the  College  do  France.     Other  writer,  as  usuiUj 
happens  in  tlie  case  of  great  discoveries,  asserted  that  the  doctnoe 
was  ancient,  and  even  that  it  was  known  to  Hippocrates.    Harrey 
defended  his  opinion  with  spirit  and  temper ;  yet  he  appears  to  hire 
retained  a  lively  recollection  of  the  disagreeable  nature  of  the  stn^    j 
gles  in  which  he  was  thus  involved.     At  a  later  period  of  his  lifb, 
Ent,"  one  of  his  admirers,  who  visited  him,  and  urged  him  to  pnblii 
the  researches  on  generation,  on  which  he  had  long  been  engaged, 
gives  tliis  account  of  the  manner  in  which  he  received  tlie  proposal: 
"  And  would  you  then  advise  rac,  (smilingly  replies  the  doctor,)  to 
quit  the  tranquillity  of  this  haven,  wherein  I  now  calmly  spend  my 
days,  and  again  commit  myself  to  the  unfaithful  ocean  I     You  are  not 
ignorant  how  great  troubles  my  lucubrations,  formerly  published,  have 
raised.     Better  it  is,  certainly,  at  some  time,  to  endeavor  to  grow  wise 
at  Iconic  in  private,  than  by  the  hasty  divulgation  of  such  things  to  the 
knowledge  whereof  you  have  attained  with  vast  labor,  to  stir  np 
tempests  that  may  deprive  you  of  your  leisure  and  quiet  for  the 
future." 

Ilis  merits  were,  however,  soon  generally  recognized.  He  was 
made  physician-  to  James  the  First,  and  afterwards  to  Charles  the 
First,  and  attended  that  unfortunate  monarch  in  the  civil  war.  He 
had  the  permission  of  the  parliament  to  accompany  the  king  on  his 
leaving  London  ;  but  this  did  not  protect  him  from  liaving  his  hooflC 
plundered  in  his  absence,  not  only  of  its  furniture,  but,  which  he  felt 
more,  of  the  records  of  his  experiments.  In  1G52,  his  brethren  of  the 
College  of  Physicians  placed  a  marble  bust  of  him  in  their  hall,  with 
an  inscription  recording  his  discoveries  ;  and  two  years  later,  he  was 
nominated  to  the  office  of  President  of  the  College,  which  however  he 
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eclincd  in  consequence  of  his  age  and  infirmities.  His  doctrine  soon 
cqnired  popolar  currency ;  it  was,  for  instance,  taken  by  Descartes" 
s  the  basis  of  his  physiology  in  his  work  On  Man  ;  and  Harvey  had 
be  pleasure,  which  is  often  denied  to  discoverers,  of  seeing  his  dis* 
overy  generally  adopted  during  his  lifetime. 

Sect  4. — Bearing  of  the  Discovery  on  the  Progress  of  Physiology. 

w  considering  the  intellectual  processes  by  which  Harvey's  dis- 
oTeries  were  made,  it  is  impossible  not  to  notice,  that  the  recognition 
f  a  creative  purpose,  which,  as  we  have  said,  appears  in  all  sound 
liysiological  reasonings,  prevails  eminently  here.  "I  remember," 
sys  Boyle,  "  that  when  I  asked  our  famous  Harvey  what  were  the 
bings  that  induced  him  to  think  of  a  circulation  of  the  blood,  ho  an- 
vrered  me,  that  when  he  took  notice  that  the  valves  in  the  veins  of 
3  many  parts  of  the  body  were  so  placed,  that  they  gave  a  free 
assage  to  the  blood  towards  the  heart,  but  opposed  the  passage  of 
lie  venal  blood  the  contrary  way ;  he  was  incited  to  imagine  that  so 
•rovident  a  cause  as  Nature  had  not  placed  so  many  valves  without 
^ign ;  and  no  design  seemed  more  probable  than  that  the  blood 
hoold  be  sent  through  the  arteries,  and  return  through  the  veins, 
rhose  valves  did  not  oppose  its  course  that  way.'' 

We  may  notice  further,  that  this  discovery  implied  the  usual  condi- 
ions,  distinct  general  notions,  careful  observation  of  many  facts,  and 
he  mental  act  of  bringing  together  these  elements  of  truth.  Harvey 
Qust  have  possessed  clear  views  of  the  motions  and  pressures  of  a  fiuid 
irculating  in  ramifying  tubes,  to  enable  him  to  see  bow  the  position 
»f  valves,  the  pulsation  of  the  heart,  the  effects  of  ligatures,  of  bleed- 
ng,  and  of  other  circumstances,  ought  to  manifest  themselves  in  order 
0  confirm  his  view.  That  he  referred  to  a  multiplied  and  varied  expe- 
ience  for  the  evidence  that  it  was  so  confirmed,  we  have  already  said, 
jike  all  the  best  philosophers  of  his  time,  he  insists  rigidly  upon  the 
lecessity  of  such  experience.  "In  every  science,"  he  says,**  "be  it 
rhat  it  will,  a  diligent  obser\'ation  is  requisite,  and  sense  itself  must 
«  frequently  consulted.  We  must  not  rely  upon  other  men's  expe- 
•ience,  but  our  own,  without  which  no  man  is  a  proper  disciple  of  any 
)art  of  natural  knowledge."  And  by  publishing  his  experiments,  he 
TOsts,  he  adds,  that  he  has  enabled  his  reader  "  to  be  an  equitable 
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umpire  between  Aristotle  and  Galen ;"  or  rather,  he  might  have  sai^^ 
to  see  how,  in  the  promotion  of  science,  sense  and  reason,  obserrati^^^ 
and  invention,  have  a  mutual  need  of  each  other. 

We  may  observe  further,  that  though  Han^ey's  glory,  in  the  c^tse 
now  before  us,  rested  upon  his  having  proved  the  reality  of  ccrtajn 
mechanical  movements  and  actions  in  the  blood,  this  discovery,  and  all 
other  physiological  truths,  necessarily  involved  the  assumption  of  some 
peculiar  agency  belonging  to  living  things,  different  both  firom  mechani- 
cal agency,  and  from  chemical ;  and  in  short,  something  tntal^  and  not 
physical  merely.    For  when  it  was  seen  that  the  pulsation  of  the  hewt, 
its  systole  and  diastole^  caused  the  circulation  of  the  blood,  it  might 
still  be  asked,  what  force  caused  this  constantly-recurring  contncticn 
and  expansion.    And  again,  circulation  is  closely  connected  with  re^ 
ration ;  the  blood  is,  by  the  circulation,  carried  to  the  lungs,  and  is 
there,  according  to  the  expression  of  Columbus  and  Harvey,  mixed 
with  air.    But  by  what  mechanism  does  this  mixture  take  place,  and 
*vhat  is  the  real  nature  of  it  ?     And  when  succeeding  researches  hid 
enabled  physiologists  to  give  an  answer  to  this  question,  as  far  as  che- 
mical relations  go,  and  to  say,  that  the  change  consists  in  the  abstrac- 
tion of  the  carbon  from  the  blood  by  means  of  the  oxygen  of  the  atmo- 
sphere;  they  were  still  only  led  to  ask  further,  how  this  chemic»l 
change  was  effected,  and  how  such  a  change  of  the  blood  fitted  it  f<>r 
its  uses.     Every  function  of  which  we  explain  the  course,  the  mcdia^ 
nism,  or  the  chemistry,  is  connected  with  other  functions, — is  subser- 
vient to  them,  and  they  to  it ;  and  all  together  are  parts  of  the  gene- 
ral vital  system  of  the  animal,  ministering  to  its  life,  but  deriving  their 
activity  from  the  life.     Life  is  not  a  collection  of  forces,  or  polarities, 
or  affinities,  such  as  any  of  the  physical  or  chemical  sciences  contcDn- 
plate ;  it  has  powers  of  its  own,  which  often  supersede  those  subordi- 
nate relations;  and  in  the  cases  where  men  have  traced  such  agents i^ 
the  animal  frame,  they  have  always  seen,  and  usually  acknowledged* 
that  these  agents  were  ministerial  to  some  higher  agency,  more  diffi' 
cult  to  trace  than  these,  but  more  truly  the  cause  of  the  phenomena. 

The  discovery  of  the  mechanical  and  chemical  conditions  of  the 
vital  functions,  as  a  step  in  physiolog}',  may  be  compared  to  the  dis^ 
covery  of  the  laws  of  phenomena  in  the  heavens  by  Kepler  and  h» 
predecessors,  while  the  discovery  of  the  force  by  which  they  were  pr^ 
duced  was  still  reserved  in  mystery  for  Newton  to  bring  to  light  1^* 
subordinate  relation  of  the  facts,  their  dependance  on  space  and  time, 
their  reduction  to  order  and  cycle,  had  been  fully  performed ;  but  the      j 
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srcnce  of  them  to  distinct  ideas  of  causation,  their  interpreta.jon  as 
i  results  of  mechanical  force,  was  omitted  or  attempted  in  vain.     The 

7  notion  of  such  Force,  and  of  the  manner  in  which  motions  were 
;craiined  by  it,  was  in  the  highest  degree  vague  and  vacillating;  and 
«ntury  was  requisite,  as  we  have  seen,  to  give  to  the  notion  that 
arness  and  fixity  which  made  the  Mechanics  of  the  Heavens  a  pos- 
le  science.  In  like  manner,  the  notion  of  Life,  and  of  Vital  Forces, 
ftill  too  obscure  to  be  steadily  held.  We  cannot  connect  it  distinctly 
h  severe  inductions  from  facts.  We  can  trace  the  motions  of  the 
cnal  fluids  as  Kepler  traced  the  motions  of  the  planets ;  but  when 
seek  to  render  a  reason  for  these  motions,  like  him,  we  recur  to 

08  of  a  wide  and  profound,  but  mysterious  import ;  to  Virtues,  In- 
nces,  undefined  Powers.  Yet  we  are  not  on  this  account  to  despair. 
(  very  instance  to  which  I  am  referring  shows  us  how  rich  is  the 
liise  of  the  future.  Why,  says  Cuvier,"  may  not  Natural  History 
day  have  its  Newton  ?  The  idea  of  the  vital  forces  may  gradually 
>ine  so  clear  and  definite  as  to  be  available  in  science ;  and  future 
Mirations  may  include,  in  their  physiology,  propositions  elevated  as 
ibove  the  circulation  of  the  blood,  as  the  doctrine  of  universal  gravi- 
>n  goes  beyond  the  explanation  of  the  heavenly  motions  by  epicy- 

^  by  what  has  been  said,  I  have  exemplified  suflSciently  the  nature 
iose  steps  in  physiology,  which,  like  the  discovery  of  the  Circulation, 
'  an  explanation  of  the  process  of  some  of  the  animal  functions,  it  is 
necessary  for  me  to  dwell  longer  on  the  subject ;  for  to  write  ahis- 
',  or  even  a  sketch  of  the  history  of  Physiology,  would  suit  neither 
powers  nor  my  purpose.  Some  further  analysis  of  the  general 
?^s  which  have  been  promulgated  by  the  most  eminent  physiologists, 
'  perhaps  be  attempted  in  treating  of  the  Philosophy  of  Inductive 
'Hce ;  but  the  estimation  of  the  value  of  recent  speculations  and  in- 
igations  must  be  left  to  those  who  have  made  this  vast  subject  the 
iy  of  their  lives.  A  few  brief  notices  may,  however,  be  here  intro- 
Bd. 


"  Oisem.  Foss.  Introd. 
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CHAPTER  in. 

DiSOOVBBT   OF  THE  MoTIOK  OF  THE   ChTLE,   AND   OOESEQUnTT 

Speculations. 


Sect,  1. — The  Discovery  of  the  Motion  of  the  Chyle, 

r'  may  have  been  observed  in  the  previous  course  of  this  HisU^j  of 
the  Sciences,  that  the  discoveries  in  each  science  have  a  peeolis' 
physiognomy :  something  of  a  common  type  may  be  traced  in  the  pr^ 
gross  of  each  of  the  theories  belonging  to  the  same  department  of  kno**'' 
ledge.    We  may  notice  something  of  this  common  form  in  thevarioo* 
branches  of  physiological  speculation.     In  most,  or  all  of  them,  wc 
have,  as  we  have  noticed  the  case  to  be  with  respect  to  the  ciw*' 
lation  of  the  blood,  clear  and.  certain  discoveries  of  mechanical  mkI 
chemical  processes,  succeeded  by  speculations  far  more  obscure,  doubtfiilp 
and  vague,  respecting  the  relation  of  these  changes  to  the  laws  of  life. 
This  feature  in  the  history  of  physiology  may  be  further  instanced,  C** 
shall  be  done  very  briefly),  in  one  or  two  other  cases.     And  we  in»y 
observe,  that  the  lesson  which  we  are  to  collect  from  this  narrative,  i* 
by  no  means  that  we  are  to  confine  ourselves  to  the  positive  discovery* 
and  reject  all  the  less  clear  and  certain  speculations.     To  do  this,  woflW 
be  to  lose  most  of  the  chances  of  ulterior  progress ;  for  though  it  lo^y 
be,  that  our  conceptions  of  the  nature  of  organic  life  are  not  yet  w©' 
ciently  precise  and  steady  to  become  the  guides  to  positive  inducti^* 
truths,  still  the  only  way  in  which  these  peculiar  physiological  ide^** 
can  be  made  more  distinct  and  precise,  and  thus  brought  more  iiear^"Zf 
into  a  scientific  form,  is  by  this  struggle  with  our  ignorance  or  imp^** 
feet  knowledge.    This  is  the  lesson  we  have  learnt  from  the  history  ^^ 
physical  astronomy  and  other  sciences.     We  must  strive  to  refer  fec^  '^ 
which  are  known  and  understood,  to  higher  principles,  of  which 
cannot  doubt  the  existence,  and  of  which,  in  some  degree,  we  can 
the  place ;  however  dim  and  shadowy  may  be  the  glimpses  wc  ha- 
hitherto  been  able  to  obtain  of  their  forms.     We  may  often  fail 
such  attempts,  but  without  the  attempt  we  can  never  succeed. 


THE  MOTION  OP  THE   CHYLK.  458 

i  food  is  received  into  the  stomach,  there  undergoes  a  change 
stence,  and  is  then  propelled  along  the  intestines,  are  obvious 
)  animal  economy.  But  a  discovery  made  in  the  course  of 
eenth  century  brought  into  clearer  light  the  sequel  of  this 
rocesses,  and  its  connexion  with  other  functions.  In  the 
!,  Asellius  or  Aselli'  discovered  certain  minute  vessels, 
:teaiSj  which  absorb  a  white  liquid  (the  cht^le)  from  the 
1  pour  it  into  the  blood.  These  vessels  had,  in  fact,  been 
by  Eristratus,  in  the  ancient  world,'  in  the  time  of  Ptolemy  ; 
was  the  first  modem  who  attended  to  them.  He  d<»scribed 
treatise  entitled  De  VenU  Liuteis^  cum  figurU  elegantissimist, 
Milan  in  1627,  the  year  after  the  death  of  the  author.  The 
larkable  as  the  first  which  exhibits  colored  anatomical  figures ; 
\  and  veins  are  represented  in  red,  the  lacteals  in  black, 
lus,'  at  an  earlier  period,  had  described  (in  the  horse)  the 
ict  by  which  the  chyle  is  poured  into  the  subclavian  vein,  on 
de  of  the  neck.  But  this  description  did  not  excite  so  much 
)  prevent  its  being  forgotten,  and  rediscovered  in  1550,  after 
dge  of  the  circulation  of  the  blood  had  given  more  impor- 
uch  a  discovery.  Up  to  this  time,*  it  had  been  supposed 
cteals  carried  the  chyle  to  the  liver,  and  that  the  blood  was 
•ed  there.  This  opinion  had  prevailed  in  all  the  works  of 
ts  and  moderns ;  its  falsity  was  discovered  by  Pecquet,  a 
r'sician,  and  published  iu  1651,  in  his  New  Anatomical  Ex- 
in  which  are  discovered  a  receptacle  of  the  chyle,  un- 
then,  and  the  vessel  which  conveys  it  to  the  subclavian 
^quet  himself,  and  other  anatomists,  soon  connected  this 
nth  the  doctrine,  then  recently  promulgated,  of  the  circu- 
the  blood.  In  1665,  these  vessels,  and  the  lymphatics 
connected  with  them,  were  further  illustrated  by  Ruysch 
jition  of  their  valves.  [Dilucidatio  valvularum  in  vasLt 
r  et  lacteis.) 

-The  Consequent  Speculations.     Hypotheses  of  Digestion, 

*  shown  that  aliments  taken  into  the  stomach  are,  by  its 
!e  to  produce  chyme  ;  from  the  chyme,  gradually  changed 
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fi9t.  p.  84.  *  lb.  p.  865. 


454  HISTORY  OP  PHYSIOLOGY. 

in  its  progress  through  the  intestines,  chyle  is  absorbed  by  the  k  _ 
teals ;  and  this,  poured  into  the  blood  by  the  thoracic  duct,  repi^ 
the  vraste  and  nourishes  the  growth  of  the  animal.  But  by  ir^| 
powers  is  the  food  made  to  undergo  these  transformations  ?  Can 
explain  them  on  mechanical  or  on  chemical  principles!  Here  ^ 
come  to  a  part  of  physiology  less  certain  than  the  discovery  of  ?es&^ 
or  of  the  motion  of  fluids.  We  have  a  number  of  opinions  on  %2i 
subject,  but  no  universally  acknowledged  truth.  We  have  a  coll^, 
tion  of  Hypotheses  of  Digestion  and  Nutrition. 

I  shall  confine  myself  to  the  former  class ;  and  withciit  dwellii^ 
long  upon  these,  I  shall  mention  some  of  them.    The  philosophers  of 
the  Academy  del  Cimento^  and  several  others,  having  experinientetf 
on  the  stomach  of  gallinaceous  birds,  and  observed  the  astomsiung 
force  with  which  it  breaks  and  grinds  substances,  were  led  to  confide 
the  digestion  which  takes  place  in  the  stomach  as  a  kind  of  tritwra- 
tion.*    Other  writers  thought  it  was  more  properly  described  as  fir' 
mentation;  others  again  spoke  of  it  as  a  putrefaction.    VarignoD 
gave  a  merely  physical  account  of  the  first  part  of  the  process,  num- 
taining  that  the  division  of  the  aliments  was  the  effect  of  the  disen- 
gagement of  the  air  introduced  into  the  stomach,  and  dilated  by  the 
heat  of  the  body.     The  opinion  that  digestion  is  a  solution  of  the  food 
by  the  gastric  juice  has  been  more  extensively  entertained. 

Spallanzani  and  others  made  many  experiments  on  this  subject 
Yet  it  is  denied  by  the  best  physiologists,  that  the  changes  of  d^ 
tion  can  be  adequately  represented  as  chemical  changes  only.  The 
nerves  of  the  stomach  (the  pneumo-ya^stric)  are  said  to  be  essential  to 
digestion.  Dr.  Wilson  Philip  has  asserted  that  the  influence  of  tbese 
nerves,  when  they  are  destroyed,  may  be  replaced  by  a  galvanic  cnr- 
rent.*  This  might  give  rise  to  a  supposition  that  digestion  depends 
on  galvanism.  Yet  we  cannot  doubt  that  all  these  hypotheses,— m^ 
chanical,  physical,  chemical,  galvanic — are  altogether  insufficient 
"The  stomach  must  have,"  as  Dr.  Prout  says,*  "the  power  of  organJ** 


•  Bourdon,  Physiol.  Comp.  p.  614. 

•  Miiller  {Manual  of  Phyitiologyy  B.  iii.  Sect  1,  Chap,  iii )  speaks  of  Dr.  W 
Bon  Philip's  assertion  that  the  nerves  of  the  stomach  being  cut,  and  a  gilrtf^ 
current  kept  up  in  them,  digestion  is  still  accomplished  He  states  that  he  and 
other  physiologists  have  repeated  such  experiments  on  an  extensive  ecak  ^° 
liave  found  no  effect  of  this  kind. 

»  BHdgewater  Tr.  p.  493 
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^S  And  vitalizing  the  different  elementary  substances.  It  is  impos- 
^V>1q  to  imagine  that  this  organizing  agency  of  the  stomach  tan  be 
^^^xnical.    This  agency  is  vito/,  and  its  nature  completely  unknown." 


CHAPTER  IV. 

Examination  of  the  Process  of  Beproduction  in  Animals  and 
Plants,  and  Consequent  Speculations. 

Sect.  1. — The  Examination  of  the  Process  of  Reproduction  in 
Animals, 

F!  would  not,  perhaps,  be  necessary  to  give  any  more  examples  of 
what  has  hitherto  been  the  general  process  of  investigations  on 
each  branch  of  physiology ;  or  to  illustrate  further  the  combination 
which  such  researches  present,  of  certain  with  uncertain  knowledge ; — 
of  solid  discoveries  of  organs  and  processes,  succeeded  by  indefinite  and 
doubtful  speculation  concerning  vital  forces.  But  the  reproduction  of 
organized  beings  is  not  only  a  subject  of  so  much  interest  as  to  require 
some  notice,  but  also  offers  to  us  laws  and  principles  which  include 
both  the  vegetable  and  the  animal  kingdom ;  and  which,  therefore,  are 
requisite  to  render  intelligible  the  most  general  views  to  which  we  can 
attain,  respecting  the  world  of  organization. 

The  facts  and  laws  of  reproduction  were  first  studied  in  detail  in 
animals.  The  subject  appears  to  have  attracted  the  attention  of  some 
of  the  philosophers  of  antiquity  in  an  extraordinary  degree :  and  indeed 
we  may  easily  imagine  that  they  hoped,  by  following  this  path,  if  any, 
to  solve  the  mystery  of  creation.  Aristotle  appears  to  have  pursued  it 
with  peculiar  complacency  ;  and  his  great  work  On  animals  contains* 
an  extraordinary  collection  of  curious  observations  relative  to  this  sub- 
ject He  had  learnt  the  modes  of  reproduction  of  most  of  the  animals 
with  which  he  was  acquainted  ;  and  his  work  is  still,  as  a  writer  of  our 
own  times  has  said,'  "  original  after  so  many  copies,  and  young  after 
two  thousand  years."  Ilis  observations  referred  principally  to  the 
external  circumstances  of  generation :  the  anatomical  examination  was 


'  Bourdon,  p.  161.  'lb.  p.  101. 
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left  to  his  BUccesBors.    Without  dwelling  on  the  intermediate  labo^^ 
we  come  to  modem  times,  and  find  that  this  examination  owes  ^^ 
greatest  advance  to  those  who  had  the  greatest  share  in  the  discore  -^ 
of  the  circulation  of  the  blood : — Fabricius  of  Acquapendente,  and  H^^^ 
vey.    The  former*  published  a  valuable  work  on  the  E^  and  ti^^ 
Chick.     In  this  are  given,  for  the  first  time,  figures  representing  ^Ii^ 
developement  of  the  chick,  from  its  almost  imperceptible  b^nning^  to 
the  moment  when  it  breaks  the  shell.    Harvey  pursued  the  researelicj 
of  his  teacher.     Charles*  the  First  had  supplied  him  with  the  meazw 
of  making  the  experiments  which  his  purpose  required,  by  sacrificioj^ 
a  great  number  of  the  deer  in  Windsor  Park  in  the  state  of  gestation; 
but  his  principal  researches  were  those  respecting  the  egg,  in  which  lie 
followed  out  the  views  of  Fabricius.     In  the  troubles  which  succeeded 
the  death  of  the  unfortunate  Charles  the  house  of  Harvey  was  pillaged; 
and  he  lost  the  whole  of  the  labors  he  had  bestowed  on  the  generation 
of  insects.     His  work,  JSxercitationes  de  Generatione  AnimaliumjWU 
published  at  London  in  1651  ;  it  is  more  detailed  and  perfect  than 
that  of  Fabricius ;  but  the  author  was  prevented  by  the  unsettled  condi- 
tion of  the  country  from  getting  figures  engraved  to  accompany  his 
descriptions. 

Many  succeeding  anatomists  pursued  the  examination,  of  the  series 
of  changes  in  generation,  and  of  the  organs  which  are  concerned  in 
them,  especially  Malpighi,  who  employed  the  microscope  in  this  inves- 
tigation, and  whose  work  on  the  Chick  was  published  in  1673.  It  is 
impossible  to  give  here  any  general  view  of  the  result  of  these  laborious 
series  of  researches :  but  we  may  obser>  e,  that  they  led  to  an  extremely 
minute  and  exact  survey  of  all  the  parts  of  the  foetus,  its  envelopes  and 
appendages,  and,  of  course,  to  a  designation  of  these  by  appropriate 
names.  These  names  afterwards  served  to  mark  the  attempts  which 
were  made  to  carry  the  analogy  of  animal  generation  into  the  vegeta- 
ble kingdom. 

There  is  one  generalization  of  Harvey  which  deserves  notice.'  He 
was  led  by  his  researches  to  the  conclusion,  that  all  living  things  may 
be  properly  said  to  come  from  eggs :  "  Omne  vivum  ex  ovo."  Thns 
not  only  do  oviparous  animals  produce  by  means  of  eggs,  but  in  those 
which  are  viviparous,  the  process  of  generation  begins  with  the  deve- 
lopement of  a  small  vesicle,  which  comes  from  the  ovary,  and  which 
exists  before  the  embr}'0 :  and  thns  viviparous  or  suckling-beasts,  not- 
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Standing  their  name,  are  bom  from  eggs,  as  well  as  birds,  fishes, 
ireptiles.*  This  principle  also  excludes  that  Fupposed  production 
rganized  beings  without  parents  (of  worms  in  corrupted  matter,  for 
ftnce,)  which  was  formerly  called  spontaneous  generation  ;  and  the 
»  physiologists  of  modem  times  agree  in  denying  the  reality  of  such 
lode  of  generation/ 

;/.    2. — The   Examination    of   the   Process   of  Reprodnction  in 
Vegetables. 

K  extension  of  the  analogies  of  animal  generation  to  the  vegetable 
rid  was  far  from  obvious.  This  extension  was  however  made ; — 
h  reference  to  the  embryo  plant,  principally  by  the  microscopic 
ervers,  Nehemiah  Grew,  Marcello  Malpighi,  and  Antony  Leeuwen- 
ik ; — with  respect  to  the  existence  of  the  sexes,  by  Linnajus  and  his 
decessors. 

rhe  microscopic  labors  of  Grew  and  Malpighi  were  patronized  by 
Royal  Society  of  London  in  its  earliest  youth.  Grew's  book,  Thi 
atomy  of  Plants^  was  ordered  to  be  printed  in  16Y0.  It  contains 
.es  representing  extremely  well  the  process  of  germination  in  various 
is,  and  the  author's  observations  exhibit  a  very  clear  conception  of 
relation  and  analogies  of  different  portions  of  the  seed.  On  the 
on  which  the  copy  of  this  work  was  laid  before  the  Society,  a 
imunication  from  Malpighi  of  Bologna,  Anatom£s  Plantarum  Idea, 
ed  his  researches,  and  promised  figures  which  should  illustrate 
m.  Both  authors  afterwards  went  on  with  a  long  train  of  valuable 
srvations,  which  they  published  at  various  times,  and  which  contain 
;h  that  has  since  become  a  permanent  portion  of  the  science. 
5oth  Grew  and  Malpighi  were,  as  we  have  remarked,  led  to  apply 
egetable  generation  many  terms  which  imply  an  analogy  with  the 
eration  of  animals.  Thus,  Grew  terms  the  innermost  coat  of  the 
I,  the  secundine  ;  speaks  of  the  navel-fbres,  &c.  Many  more  such 
lis  have  been  added  by  other  writers.  And,  as  has  been  observed 
El  modern  physiologist,*  the  resemblance  is  striking.  Both  in  the 
etable  seed  and  in  the  fertilized  animal  egg,  we  have  an  embryo, 
lazce,  a  placenta,  an  umbilical  cord,  a  cicatricula,  an  amnios,  mem- 
nes,  nourishing  vessels.  The  cotyledons  of  the  seed  are  the  equiva- 
b  of  the  vitellus  of  birds,  or  of  the  umbilical  vesicle  of  sucking-beasts : 
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the  albumen  or  perisperm  of  tho  grain  is  analogous  to  the  white  of^  *• 
egg  of  birds,  or  the  alUmtoid  of  viviparous  animals. 

Sexes  of  Plants, — The  attribution  of  sexes  to  plants,  is  a  notibi 
which  was  very  early  adopted ;  but  only  gradually  unfolded  into    dk- 
tinctness  and  generality.*    The  ancients  were  acquainted  with  ihe 
fecundation  of  vegetables.     Empedocles,  Aristotle,  Theophrastos,  PEdj, 
and  some  of  the  poets,  make  mention  of  it ;  but  their  notions  were 
very  incomplete,  and  the  conception  was  again  lost  in  the  general  ship- 
wreck of  human  knowledge.     A  Latin  poem,  composed  in  the  fifteenth 
century  by  Jovianus  Pontanus,  the  preceptor  of  Alphonso,  King  of 
Naples,  is  the  first  modem  work  in  which  mention  is  made  of  the  sex 
of  plants.    Pontanus  sings  the  loves  of  two  date-palms,  which  grew  at 
the  distance  of  fifteen  leagues  from  each  other :  the  male  at  Bnmdosium, 
the  female  at  Otranto.    The  distance  did  not  prevent  the  female  from 
becoming  fruitful,  as  soon  as  the  palms  had  raised  their  heads  ibore 
the  surrounding  trees,  so  that  nothing  intervened  directly  between 
them,  or,  to  speak  with  the  poet^  so  that  they  were  able  to  see  eich 
other. 

Zaluzian,  a  botanist  who  lived  at  the  end  of  the  fifteenth  centmy, 
says  that  the  greater  part  of  the  species  of  plants  arc  androgyms,  that 
is,  have  the  properties  of  the  male  and  of  the  female  united  in  the 
same  plant ;  but  that  some  species  have  the  two  sexes  in  separate 
individuals ;  and  he  adduces  a  passage  of  Pliny  relative  to  the  fecnn- 
dation  of  the  date-palm.  John  Bauhin,  in  the  middle  of  the  seven- 
teenth century,  cites  the  expressions  of  Zaluzian  ;  and  forty  yea's 
later,  a  professor  of  Tubingen,  Rudolph  Jacob  Camerarius,  pointed  out 
clearly  the  organs  of  generation,  and  proved  by  experiments  on  the 
mulberry,  on  maize,  and  on  the  plant  called  Mercur}'  (mercuriaUtji 
that  when  by  any  means  the  action  of  the  stamina  upon  the  pistils  is 
intercepted,  the  seeds  are  barren.  Camerarius,  therefore,  a  philoso- 
pher in  other  respects  of  little  note,  has  the  honor  assigned  him  of 
being  the  author  of  the  discovery  of  the  sexes  of  plants  in  modern 
times." 

The  merit  of  this  discovery  will,  perhaps,  appear  more  considerable 
when  it  is  recollected  that  it  was  rejected  at  first  by  very  eminent 
botanists.  Thus  Tournefort,  misled  by  insufficient  experiments,  main- 
tained that  the  stamina  are  excretory  organs ;  and  Reaumur,  at  the 
beginning  of  the  eighteenth  century,  inclined  to  the  same  doctnne. 
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Jpon  this,  Geoffroy,  an  apothecary  at  Paris,  scrutinked  afresh  the 
^xoal  organs ;  he  examined  the  various  forms  of  the  pollen,  already 
observed  by  Grew  and  Malpighi ;  he  pointed  out  the  excretory  canal, 
^hich  descends  through  the  style,  and  the  micropyle^  or  minute  orifice 
in  the  coats  of  the  ovule,  which  is  opposite  to  the  extremity  of  this 
canal ;  though  he  committed  some  mistakes  with  regard  to  the  nature 
of  the  pollen.  Soon  afterwards,  Sebastian  Yaillant,  the  pupil  of 
Toumefort,  but  the  corrector  of  his  error  on  this  subject,  explained  in 
his  public  lectures  the  phenomenon  of  the  fecundation  of  plants,  de- 
scribed the  explosion  of  the  anthers,  and  showed  that  the  JloreU  of 
oomposite  flowers,  though  formed  on  the  type  of  an  androgyrums 
flower,  are  sometimes  male,  sometimes  female,  and  sometimes  neuter. 

But  though  the  sexes  of  plants  had  thus  been  noticed,  the  subject 
drew  far  more  attention  when  Linnaeus  made  the  sexual  paits  the 
basia  of  his  classification.  Camerarius  and  Burkard  had  already  enter- 
tained such  a  thought,  but  it  was  Linnieus  who  carried  into  efiect,  and 
thus  made  the  notion  of  the  sexes  of  vegetables  almost  as  familiar  to 
us  as  that  of  the  sexes  of  animals. 


Sect.  3. — TJu  Consequent  Speculations, — Hypotheses  of  Generation. 

Thjb  views  of  the  processes  of  generation,  and  of  their  analogies 
throughout  the  whole  of  the  organic  world,  which  were  thus  esta- 
blished and  diffused,  form  an  important  and  substantial  part  of  our 
physiological  knowledge.  That  a  number  of  curious  but  doubtful 
hypotheses  should  be  put  forward,  for  the  purpose  of  giving  furtlier 
significance  and  connexion  to  these  discoveries,  was  to  be  expected. 
Wc  must  content  ourselves  with  speaking  of  these  very  briefly.  We 
have  such  hypotheses  in  the  earliest  antiquity  of  Greece ;  for  as  we 
have  already  said,  the  speculations  of  cosmogony  were  the  source  of 
the  Greek  philosophy  ;  and  the  laws  of  generation  appeared  to  offer 
the  best  promise  of  knowledge  respecting  the  mystery  of  creation. 
Hippocrates  explained  the  production  of  a  new  animal  by  the  mixture 
of  seed  of  the  parents ;  and  the  offspring  was  male  or  female  as  the 
seminal  principle  of  the  father  or  of  the  mother  was  the  more  power- 
ful. According  to  Aristotle,  the  mother  supplied  the  matter,  and  the 
father  the /or//i.  Harvey's  doctrine  was,  that  the  ovary  of  the  female 
is  fertilized  by  a  seminal  contagion  produced  by  the  seed  of  the  male. 
But  an  opinion  which  obtained  far  more  general  reception  was,  thai 


460  mSTOBY  OP  PHYSIOLOGY. 

the  embryo  pre-existed  in  the  mother,  before  any  union  of  the  sexes.* ..,^^1 
It  is  easy  to  see  that  this  doctrine  is  accompanied  with  great  difficuLKia'  ,-n]. 
ties ;"  for  if  the  mother,  at  the  beginning  of  life,  contain  in  her  th«rt^e 
embryos  of  all  her  future  children  ;  these  embryos  again  must  contaiJK^^Qjg 
the  children  which  they  are  capable  of  producing ;  and  so  on  inde^^.^. 
nitely ;  and  thus  each  female  of  \  each  species  contains  in  herself  \ 
germs  of  infinite  future  generations.    The  perplexity  which  is  inTolve 
in  this  notion  of  an  endless  series  of  creatures,  thus  encased  one  withp   ^jn 
another,  has  naturally  driven  inquirers  to  attempt  other  suppositioicrr^Big. 
The  microscopic  researches  of  Leeuwenhoek  and  others  led  them  ^       to 
the  belief  that  there  are  certain  animalcules  contained  in  the  seed  »        of 
the  male,  which  are  the  main  agents  in  the  work  of  reproductic— __jb. 
This  system  ascribes  almost  everything  to  the  male,  as  the  one  l^^Bist 
mentioned  docs  to  the  female.    Finally,  we  have  the  system  of  B^     uf- 
fon ; — the  famous  hypothesis  of  organic  moleculei.    That  philosopi^^^er 
asserted  that  he  found,  by  the  aid  of  the  microscope,  all  nature  Ml         of 
moving  globules,  which  he  conceived  to  be,  not  animals  as  Leeuw^^^n- 
hoek  imagined,  but  bodies  capable  of  producing,  by  their  combinati^^H)D, 
either  animals  or  vegetables,  in  short,  all  organized  bodies.    Th^^^ese 
globules  he  called  organic  molecules.^*     And  if  we  inquire  how  th— ^"cse 
organic  molecules,  proceeding  from  all  parts  of  the  two  parents,  m^^^ite 
into  a  whole,  as  perfect  as  either  of  the  progenitors,  Buffon  answ^^SK, 
that  this  is  the  effect  of  the  interior  mould  ;  that  is,  of  a  system         ^^ 
internal  laws  and  tendencies  which  determine  the  form  of  the  res^i^^^^ 
as  an  external  mould  determines  the  shape  of  the  cast 

An  admirer  of  Buffon,  who  has  well  shown  the  untenable  charac==^^ 
of  this  system,  has  urged,  as  a  kind  of  apology  for  the  promulgation^*^  ^' 
the  hypothesis,"  that  at  the  period  when  its  author  wrote,  he  co^*^  ^'" 
not  present  his  facts  with  any  hope  of  being  attended  to,  if  he  did  ^^  ^^^ 
connect  them  by  some  common  tie,  some  dominant  idea  which  m\^f^  S"^ 
gratify  the  mind ;  and  that,  acting  under  this  necessity,  he  did  well^t^  '  ^ 
substitute  for  the  extant  theories,  already  superannuated  and  confesset^  ^s^y 

imperfect,  conjectures  more  original  and  more  probable.     Without  < ^   "^^* 

senting  from  this  view,  we  may  observe,  that  Bufibn's  theory,  like  th-  ^^ciose 
which  preceded  it,  is  excusable,  and  even  deserving  of  admiration,  so  ^  ^^ 
as  it  groups  the  facts  consistently ;  because  in  doing  this,  it  exhiW  -'^'^ 
the  necessity,  which  the  physiological  speculator  ought  to  feel,  -  ^^ 
>spiring  to  definite  and  solid  general  principles ;  and  that  thus,  thoL-^^"'^" 
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Jieory  may  not  be  established  as  trae,  it  may  be  useful  by  bringing 
view  the  real  nature  and  application  of  such  principles. 

is,  therefore,  according  to  our  views,  unphilosophical  to  derive 
nir,  instead  of  hope,  from  the  imperfect  success  of  Bufifon  and  his 
eccssors.  Yet  this  is  what  is  done  by  the  writer  to  whom  we 
"  For  me,"  says  he,"  "  I  vow  that,  after  having  long  meditated 
be  system  of  Buffon, — a  system  so  remarkable,  so  ingenious,  so 
matured,  so  wonderfully  connected  in  all  its  parts,  at  first  sight  so 
able ; — I  confess  that,  after  this  long  study,  and  the  researches 
h  it  requires,  I  have  conceived  in  consequence,  a  distrust  of  my- 
a  skepticism,  a  disdain  of  hypothetical  systems,  a  decided  predilec- 
and  exclusive  taste  for  pure  and  rational  observation,  in  short,  a 
iartening,  which  I  had  never  felt  before." 

ic  best  remedy  of  such  feelings  is  to  be  found  in  the  history  of 
ice.  Kepler,  when  he  had  been  driven  to  reject  the  solid  epicycles 
le  ancients,  or  a  person  who  had  admired  Kepler  as  M.  Bourdon 
Ires  Buffon,  but  who  saw  that  his  magnetic  virtue  was  an  untena- 
iction,  might,  in  the  same  manner,  have  thrown  up  all  hope  of  a 
d  theory  of  the  causes  of  the  celestial  motions.     But  astronomers 

too  wise  and  too  fortunate  to  yield  to  such  despondency.  The 
ecessors  of  Newton  substituted  a  solid  science  of  Mechanics  for  the 
e  notions  of  Kepler ;  and  the  time  soon  came  when  Newton  him- 
reduced  the  motions  of  the  heavens  to  a  Law  as  distinctly  con- 
jd  as  the  Motions  had  been  before. 


CHAPTER  V. 

Examination  of  the  Nervous  System,  and  Consequent 
Speculations. 


Sect,  1. — The  Examination  of  the  Nervous  System. 

is  hardly  necessary  to  illustrate  by  further  examples  the  manner 
I  which  anatomical  observation  has  produced  conjectural  and 
(thctical  attempts   to  connect  structure   and   action  with   some 
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higher  principle,  of  a  more  peculiarly  physiological  kind.  But  it  dC^*? 
still  be  instructive  to  notice  a  case  in  which  the  principle,  whicb^  ^ 
thus  brought  into  view,  is  far  more  completely  elevated  above  ^^'he 
domain  of  matter  and  mechanism  than  in  those  we  have  yet  cc^n- 

sidered; — a  case  where  we  have  not  only  Irritation,  but  Sensation; 

not  only  Life,  but  Consciousness  and  Will.     A  part  of  science     "in 
which  suggestions  present  *  themselves,  brings  us,  in  a  very  strikiKsg 
manner,  to  the  passage  from  the  physical  to  the  hyperphysical  scienc^^si 
We  have  seen  already  (chap,  i.)  that  Galen  and  his  predecessors  k.  asd 
satisfied  themselves  that  the  nerves  are  the  channels  of  perception  ^     a 
doctrine  which  had  been  distinctly  taught  by  Herophilus*  in  the  Al^^x. 
andrian  school.    Hcrophilus,  however,  still  combined,  under  the  com. 
mon  name  of  Nerves,  the  Tendons;   though  he  distinguished  sixci 
Nerves  from  those  which  arise  from  the  brain  and  the  spinal  marroir, 
and  which  are  subservient  to  the  will.    In  Galen's  time  this  sabjeef 
had  been  prosecuted  more  into  detail.    That  anatomist  has  left  a  Tr^ea- 
tise  expressly  upon  The  Anatomy  of  the  Nerves  ;  in  which  he  describes 
the  successive  Pairs  of  Nerves :  thus,  the  First  Pair  are  the  vi«wJ 
nerves :  and  we  see,  in  the  language  which  Galen  uses,  the  evidence 
of  the  care  and  interest  with  which  he  had  himself  examined  them. 
"  These  ncr>'cs,"  he  says,  "  are  not  resolved  into  mapy  fibres,  like  all 
the  other  nerves,  when  they  reach  the  organs  to  which  they  beloDg; 
but  spread  out  in  a  different  and  very  remarkable  manner,  which  it  is 
not  easy  to  describe  or  to  believe,  without  actually  seeing  it"    He 
then  gives  a  description  of  the  retina.     In  like  manner  he  describes 
the  Second  Pair,  which  is  distributed  to  the  muscles  of  the  eyes;  tlic 
Third  and  Fourth  Pairs,  which  go  to  the  tongue  and  palate;  and  so 
on  to  the  Seventh  Pair.     This  division  into  Seven  Pairs  was  esta- 
blished by  Marinus,*  but  Vesalius  found  it  to  be  incomplete.    The  ex- 
amination which  is  the  basis  of  the  anatomical  enumeration  of  the 
Nerves  at  present  recognized  was  that  of  Willis.     His  book,  entitled 
Cerebri  Ajiaiome^  cut  accessit  Nervorum  dcscriptio  ct  usiis,  appeared  at 
London  in  1G64.     He  made  important  additions  to  the  knowledge  of 
this  subject.*     Thus  he  is  the  first  who  describes  in  a  distinct  manner 
what  has  been  called  the  Nervous  Centre,*  the  pyramidal  eminences 
which,  according  to  more  recent  anatomists,  are  the  communication  of 
the  brain  with  the  spinal  marrow :    and  of  which  the  Decusviito^^ 
described  by  Santorini,  affords  the  explanation  of  the  action  of  a  part 
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he  brain  upon  the  nerves  of  the  opposite  side.  Willis  pro\  ed  also 
•  the  Hete  Mirabile,  the  remarkable  net-work  of  arteries  at  the 
^  of  the  brain^  observed  by  the  ancients  in  ruminating  animals,  does 

exist  in  man.  Ho  described  the  different  Pairs  of  Nerves  with 
re  care  than  his  predecessors ;  and  his  mode  of  numbering  them  is 
ployed  up  to  the  present  time.  He  calls  the  Olfactory  Nerves  the 
^t  Pair ;  previously  to  him,  these  were  not  reckoned  a  Pair :  and 
OS  the  optic  nerves  were,  as  we  have  seen,  called  the  first.  He 
ded  the  Sixth  and  the  Ninth  Pairs,  which  the  anatomists  who  pre- 
ded  him  did  not  reckon.  Willis  also  examined  carefully  the  different 
mglions,  or  knots  which  occur  upon  the  nerves.  He  traced  them 
lerever  they  were  to  be  found,  and  he  gave  a  general  figure  of  what 
vier  calls  the  nervous  skeleton,  very  superior  to  that  of  Vesalius, 
ich  was  coarse  and  inexact  Willis  also  made  various  efforts  to 
»w  the  connexion  of  the  parts  of  the  brain.  In  the  earlier  periods 
anatomy,  the  brain  had  been  examined  by  slicing  it,  so  as  to  obtain 
lection.  Varolius  endeavored  to  unravel  it,  and  was  followed  by 
iUis.  Vicq  d'Azyr,  in  modern  times,  has  carried  the  method  of  sec- 
1  to  greater  perfection  than  had  before  been  given  it ;  *  as  Vieussens 
I  Gall  have  done  with  respect  to  the  method  of  Varolius  and  Willis, 
cently  Professor  Chaussier*  makes  three  kinds  of  Nerves: — the 
cephalic,  which  proceed  from  the  head,  and  are  twelve  on  each  side  ; 
Jie  Rachidian,  which  proceed  from  the  spinal  marrow,  and  are 
rty  on  each  side; — and  Compound  Nerves,  among  which  is  the 
eat  Sympathetic  Nerve. 
Dne  of  the  most  important  steps  ever  made  in  our  knowledge  of 

nen'es  is,  the  distinction  which  Bichat  is  supposed  to  have  esta- 
ihed,  of  a  ganglionic  system,  and  a  cerebral  system.  And  we  may 
I,  to  the  discoveries  in  nervous  anatomy,  the  remarkable  one,  made 
>ur  own  time,  that  the  two  offices — of  conducting  the  motive  im- 
ssions  from  the  central  seat  of  the  will  to  the  muscles,  and  of  pro- 
ating  sensations  from  the  surface  of  the  body  and  the  external 
ans  of  sense  to  the  sentient  mind — reside  in  two  distinct  portions 
the  nervous  substance: — a  discovery  which  has  been  declared'  to 
'*  doubtless  the  most  important  accession  to  physiological  (anatomi- 
I  knowledge  since  the  time  of  Harvey."  This  doctrine  was  first 
)li8hed  and  taught  by  Sir  Charles  Bell  :  after  an  interval  of  some 


Cuv.  p.  40.  •  Diet  8c.  Nat.  xxxv.  467. 
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^at  length*  that  the  brain  is  the  origin  of  sensation  and  motion, 
-tuting  the  opinions  of  earlier  days,  as  that  of  Chrysippus,"  who 
•laced  the  hegemonic,  or  master-principle  of  the  soul,  in  the  heart 
^ut  though  Galen  thought  that  the  rational  soul  resides  in  the  brain, 
tie  was  disposed  to  agree  with  the  poets  and  philosophers,  according 
to  whom  the  heart  is  the  seat  of  courage  and  anger,  and  the  liver  the 
seat  of  love."  The  faculties  of  the  soul  were  by  succeeding  physiolo- 
gfists  confined  to  the  brain ;  but  the  disposition  still  showed  itself,  to 
attribute  to  them  distinct  localities.  Thus  Willis"  places  the  imagi- 
sation  in  the  corpus  ccUlosum,  the  memory  in  the  folds  of  the  hemi- 
spheres, the  perception  in  the  corpus  striatum.  In  more  recent  times, 
i  system  founded  upon  a  similar  view  has  been  further  developed  by 
irall  and  his  followers.  The  germ  of  GalFs  system  may  be  considered 
16  contained  in  that  of  Willis ;  for  Gall  represents  the  hemispheres  as 
lie  folds  of  a  great  membrane  which  is  capable  of  being  unwrapped 
Ad  spread  out,  and  places  the  different  faculties  of  man  in  the 
lifferent  regions  of  this  membrane.  The  chasm  which  intervenes 
>etween  matter  and  motion  on  the  one  side,  and  tliought  and  feeling 
m  the  other,  is  brought  into  view  by  all  such  systems ;  but  none  of 
.he  hypotheses  which  they  involve  can  effectually  bridge  it  over. 

The  same  observation  may  be  made  respecting  the  attempts  to 
explain  the  manner  in  which  the  nerves  operate  as  the  instruments  of 
inflation  and  volition.  Perhaps  a  real  step  was  made  by  Glisson," 
>rofes8or  of  medicine  in  the  University  of  Cambridge,  who  dis- 
iinguished  in  the  fibres  of  the  muscles  of  motion  a  peculiar  property, 
lifferent  from  any  merely  mechanical  or  physical  action.  His  work 
Oa  the  Mature  of  the  Energetic  Substance,  or  on  the  Life  of  Nature 
md  of  its  Three  First  Faculties,  The  Perceptive,  Appetitive,  and 
Uotive,  which  was  published  in  1672,  is  rather  metaphysical  than 
physiological.  But  the  principles  which  he  establishes  in  this  treatise 
he  applies  more  specially  to  physiology  in  a  treatise  On  the  Stomach 
ind  Intestines  (Amsterdam,  1677).  In  this  he  ascribes  to  the  fibres 
)f  the  animal  body  a  peculiar  power  which  he  calls  Irritability.  He 
livides  irritation  into  natural,  vital,  and  animal ;  and  he  points  out, 
hough  briefly,  the  gradual  differences  of  irritability  in  different 
rgans.     "It  is  hardly  comprehensible,"  says  Sprengel,"  "how  this 
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clear  and  lively  tA  its  outset ;  but,  instead  of  reacbing  the  great  ( 

of  the  general  truths  of  science,  it  is  gradually  spread  abroad  tmi^B^ 

sands  and  deserts  till  its  coui'se  can  be  traced  no  longer. 

Hitherto,  therefore,  we  must  consider  that  we  have  had  to  tdi    ^ 
story  of  the  failures  of  physiological  speculation.    But  of  late  tbcy^ 
have  come  into  view  and  use  among  physiologists  certain  princip/fM 
which  may  be  considered  as  peculiar  to  organized  subjects ;  and  of  whicb 
the  introduction  forms  a  real  advance  in  organical  science.    Thoi^ 
these  have  hitherto  been  very  imperfectly  developed,  we  must  cndetYor 
to  exhibit)  in  some  measure,  their  history  and  bearing. 

[2nd  Ed.]  [In  order  to  show  that  I  am  not  unaware  how  imperfect 
the  sketch  given  in  this  work  is,  as  a  History  of  Physiology,  I  rnxf 
refer  to  the  further  discussions  on  these  subjects  contained  in  the 
Philosophy  of  the  Inductive  Sciences,  Book  ix.  I  have  there  (Cbpt 
ii.)  noticed  the  successive  Biological  Hypotheses  of  the  Mystical,  the 
latrochemical,  and  latromathematical  Schools,  the  Vital-Fluid  Scho<4 
and  the  Psychical  School.  I  have  (Chaps,  iii.,  iv.,  v.)  examined  serefal 
of  the  attempts  which  have  been  made  to  analyze  tlie  Idea  of  lifei  to 
classify  Vital  Functions,  and  to  form  Ideas  of  Separate  Vital  Foroeg. 
I  have  considered  in  particular,  the  attempts  to  fonn  a  distinct  concep- 
tion of  Assimilation  and  Secretion,  of  Generation,  and  of  Voluntary 
Motion ;  and  I  have  (Chap,  vi.)  further  discussed  the  Idea  of  FiiuJ 
Causes  as  employed  in  Biology.] 


CHAPTER  VI. 

Introduction   of  the   Principle   of  Developed  and  Metamo** 
PHOSED  Symmetry. 


Sect,  1. —  Vegetable  Morphology,     Gothe,     De  Canddle, 

BEFORE  we  proceed  to  consider  the  progress  of  principles  which 
belong  to  animal  and  human  life,  such  as  have  just  been  pointed  at, 
we  must  look  round  for  such  doctrines,  if  any  such  there  be,  as  apPv 
alike  to  all  organized  beings,  conscious  or  unconscious,  fixed  or  loco* 
motive ; — to  the  laws  which  regulate  vegetable  as  well  as  animal  \o^^ 
and  functions.     Though  we  are  very  far  from  being  able  to  pres^"*  * 
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iar  and  connected  code  of  snob  laws,  we  may  refer  to  cne  law,  at 
Bt,  which  appears  to  be  of  genuine  authority  and  validity ;  and  which 
worthy  our  attention  as  an  example  of  a  properly  organical  or  phy- 
logical  principle,  distinct  from  all  mechanical,  chemical,  or  other 
fucal  forces;  and  such  as  cannot  even  be  conceived  to  be  resolvable 
9  those.  I  speak  of  the  tendency  which  produces  such  results 
have  been  brought  together  in  recent  speculations  upon  Mor- 

[t  may  perhaps  be  regarded  as  indicating  how  peculiar  are  the  prin- 
lea  of  organic  life,  and  how  far  removed  from  any  mere  mechanical 
ion,  that  the  leading  idea  in  these  speculations  was  first  strongly 
I  effectively  apprehended,  not  by  a  laborious  experimenter  and  rea- 
er,  but  by  a  man  of  singularly  brilliant  and  creative  fancy ;  not  by 
lathematician  or  chemist,  but  by  a  poet  And  we  may  add  further, 
t  this  poet  had  already  shown  himself  incapable  of  rightly  appre- 
iding  the  relation  of  physical  facts  to  their  principles;  and  had,  in 
ing  his  powers  on  such  subjects,  exhibited  a  signal  instance  of  the 
ffectoal  and  perverse  operation  of  the  method  of  philosophizing  to 
ich  the  constitution  of  his  mind  led  him.  The  person  of  whom  wo 
ak,  is  John  Wolfgang  Gothe,  who  is  held,  by  the  unanimous  voice 
Europe,  to  have  been  one  of  the  greatest  poets  of  our  own,  or  of  any 
le,  and  whose  Doctrine  of  Colors  we  have  already  had  to  describe, 
the  History  of  Optics,  as  an  entire  failure.  Yet  his  views  on  tlie 
s  which  connect  the  forms  of  plants  into  one  simple  system,  have 
;n  generally  accepted  and  followed  up.  We  might  almost  be  led  to 
nk  that  this  writer's  poetical  endowments  had  contributed  to  this 
Mitific  discovery ; — the  love  of  beauty  of  form,  by  fixing  the  attention 
3n  the  symmetry  of  plants ;  and  the  creative  habit  of  thought^  by 
king  constant  dcvelopcment  of  a  familiar  process.* 


We  may  quote  some  of  the  pool's  own  verses  as  an  illustration,  of  his  feel- 
s  on  this  subject    They  are  addressed  to  a  lady. 

Dich  verwirret,  geliehte,  die  tauserdfUltige  mischung 

Dieses  blumengewuhls  iiber  dem  garten  umher ; 
Viele  camcn  horest  du  an,  und  immer  verdranget, 

Hit  barbarischem  klang,  ciner  den  andem  im  ohr. 
Alle  gestalten  sind  iililich  und  keine  gleichct  der  andem ; 

Und  so  deutet  dua  chor  auf  ein  geheimcs  gesetz, 
Auf  ein  heiliges  riithsol     0!  konntc  ich  dich,  llebliche  frcundinn, 

Ueberliefern  bo  gleich  gliicklich  das  liisende  wort 


PRINCIPLE  OP  METAMORPHOSED  SYMMETRY.  471 

e  membcn  of  each  of  these  whorls  are  in  their  nature  identical, 
te  same  as  if  they  were  whorls  of  ordinary  leaves,  brought 
jr  by  the  shortening  their  common  axis,  and  modified  in  form 
successive  elaboration  of  their  nutriment.  Further,  according 
view,  a  whorl  of  leaves  itself  is  to  be  considered  as  identical  witli 
detached  leaves  dispersed  spirally  along  the  axis,  and  brought ' 
IT  because  the  axis  is  shortened.  Thus  all  the  parts  of  a  plant 
at  least  represent,  the  successive  metamorphoses  of  the  same 
tary  member.  The  root-leaves  thus  pass  into  the  conmion 
— these  into  bracteae ; — these  into  the  sepals ; — these  into  the 
— these  into  the  stamens  with  their  anthers ; — these  into  the 
with  their  styles  and  stigmas ; — these  ultijnately  become  ihe 
and  thus  we  are  finally  led  to  the  seed  of  a  new  plant, 
cover  the  same  notion  of  metamorphosis  may  be  applied  U> 
the  existence  of  flowers  which  are  not  symmetrical  like  those 
e  just  referred  to,  but  which  have  an  irregular  corolla  or  calyx, 
pilionaceous  flower  of  the  pea  tribe,  which  is  so  markedly  irrc- 
may  be  deduced  by  easy  gradations  from  the  regular  flower, 
rh.  the  fnimoseoE,)  by  expanding  one  petal,  joining  one  or  two 
and  modifying  the  form  of  the  intermediate  ones, 
hout  attempting  to  go  into  detail  respecting  the  proofs  of  that 
i  of  all  the  diflferent  organs,  and  all  the  different  forms  of  plants, 
is  thus  asserted,  we  may  observe,  that  it  rests  on  such  grounds 
e ; — the  transformations  which  the  parts  of  flowers  undergo  by 
its  of  nutrin^cnt  or  exposure.  Such  changes,  considered  as  mon- 
3s  where  they  are  very  remarkable,  show  the  tendencies  and 
litics  belonging  to  the  organization  in  which  they  occur.  For 
e,  the  single  wild-rose,  by  culture,  transforms  many  of  its  nume- 
amcns  into  petals,  and  thus  acquires  the  deeply  folded  flower 
double  garden-rose.  AVe  cannot  doubt  of  the  reality  of  this 
,  for  we  often  see  stamens  in  which  it  is  incomplete.  In  other 
c  find  petals  becoming  leaves,  and  a  branch  growing  out  of  the 
of  the  flower.  Some  pear-trees,  when  in  blossom,  arc  remark- 
r  their  tendencies  to  such  monstrosities.'  Again,  we  find  that 
which  are  usually  irregular,  occasionally  become  regular,  and 
5ely.  The  common  snap-dragon  [Linaria  vulgaris)  afl'ords  a 
\  instance  of  this.*  The  usual  form  of  this  plant  is  "  personate,'' 
rolla  being  divided  into  two  lobes,  which  differ  in  form,  and 


dley,  Nat.  Syst.  p.  84.  *  Ilenslow,  Principles  of  Botavy,  p.  116. 
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together  present  somcwh*t  the  appearance  of  an  animal's  fece ;  nd 
the  upper  portion  of  the  corolla  is  prolonged  backwards  into  a  tabe- 
like  "spur,"  No  flower  can  be  more  irregular;  but  there  is  a  wngnlir 
variety  of  this  plant,  termed  Peloria,  in  which  the  corolla  is  strictly 
symmetrical,  consisting  of  a  conical  tube,  narrowed  in  front,  elongitcd 
behind  into  Ave  equal  spurs,  and  containing  five  stamens  of  equal 
length,  instead  of  the  two  unequal  pairs  of  the  didynamons  Dnam. 
These  and  the  like  appearances  show  that  there  is  in  nature  a  capscitr 
for,  and  tendency  to,  such  changes  as  the  doctrine  of  metamorphons 
asserts. 

Gothe's  Metamorphosis  of  Plants  was  published  1790 :  and  his  sys- 
tem was  the  result  of  his  own  independent  course  of  thought  Tie 
view  which  it  involved  was  not,  however,  absolutely  new,  though  it  had 
never  before  been  unfolded  in  so  distinct  and  persuasive  a  manner. 
Linnajus  considered  the  leaves,  calyx,  corolla,  stamens,  each  as  evolred 
in  succession  from  the  other ;  and  spoke  of  it  as  prolepsis^  or  onfiajM- 
//ow,'  when  the  leaves  changed  accidentally  into  bracteae,  these  into  a 
calyx,  this  into  a  corolla,  the  corolla  into  stamens,  or  these  into  the 
pistil.  And  Caspar  Wolf  apprehended  in  a  more  general  manner  the 
same  principle.  "  In  the  whole  plant,**  says  he,  *  "  we  see  nothingbnt 
leaves  and  stalk ;"  and  in  order  to  prove  what  is  the  situation  of  the 
leaves  in  all  their  later  forms,  he  adduces  the  cotyledons  as  the  first 
leaves. 

GOtlic  was  led  to  his  system  on  this  subject  by  his  general  views  of 
nature.  He  saw,  he  says,^  that  a  whole  life  of  talent  and  labor  was 
requisite  to  enable  any  one  to  arrange  the  infinitely  copious  organic 
forms  of  a  single  kingdom  of  nature.  **  Yet  I  felt,"  he  adds,  **  that  for 
me  there  must  be  another  way,  analogous  to  the  rest  of  my  habits 
Tlie  appearance  of  the  changes,  round  and  round,  of  organic  creatures 
had  taken  strong  hold  on  my  mind.  Imagination  and  Nature  appeared 
to  me  to  vie  with  each  other  which  could  go  on  most  boldly  yet  most 
consistently."  Ilis  observation  of  nature,  directed  by  such  a  thought, 
led  him  to  the  doctrine  of  the  metamorphosis. 

In  a  later  republication  of  his  work  [Zur  Morphologie^  1817,)  he 
gives  a  very  agreeable  account  of  the  various  circumstances  which 
affected  the  reception  and  progress  of  his  doctrine.     Willdenow*  quoted 


'  Sprengel,  Bot.  il  802.     Amcen.  Acad.  vi.  824,  865, 

•  Nov.  Con.  Ac.  Petrop.  xii.  408,  xiii.  478. 

»  Zur  Morph.  i.  30.  "  Zur  MorpK  I  121. 
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liim  thus : — "The  .ife  of  plants  is,  as  Mr.  Gftthe  rery  prettily  says,  an 
expansion  and  contraction,  and  these  alternations  make  the  various 
periods  of  life  "  **Thi8  ^ prettily^'"  says  Gothe,  **  I  can  be  well  content 
with,  but  the  *  egregie^  of  XJsteri  is  mnch  more  pretty  and  obliging." 
Usteri  had  used  this  term  respecting  G^thc  in  an  edition  of  Jussieu. 

The  application  of  the  notion  of  metamorphosis  to  the  explanation 
of  double  and  monstrous  flowers  had  been  made  previously  by  Jussieu. 

Gothe^s  merit  was,  to  have  referred  to  it  the  regular  formation  of 
the  flower.  And  as  Sprengel  justly  says,*  his  view  had  so  profound  a 
meaning,  made  so  strong  an  appeal  by  its  simplicity,  and  was  so  fruit- 
ful in  the  most  valuable  consequences,  that  it  was  not  to  be  wondered 
at  if  it  occasioned  further  examination  of  the  subject;  although  many 
persona  pretend  to  slight  it.  The  task  of  confirming  and  verifying  the 
doctrine  by  a  general  application  of  it  to  all  cases, — a  labor  so  impor- 
tant and  necessary  after  the  promulgation  of  any  great  principle, — 
Gothe  himself  did  not  execute.  At  first  he  collected  specimens  and 
made  drawings  with  some  such  view,**  but  he  was  interrupted  and 
diverted  to  other  matters.  "  And  now,"  says  he,  in  his  later  publica- 
tion, "  when  I  look  back  on  this  undertaking,  it  is  easy  to  see  that  the 
object  which  I  had  before  my  eyes  was,  for  me,  in  my  position,  with 
my  habits  and  mode  of  thinking,  unattainable.  For  it  was  no  less  than 
tJiis  :  that  I  was  to  take  that  which  I  had  stated  in, general,  and  pre- 
K'nted  to  the  conception,  to  the  mental  intuition,  in  words ;  and  that 
I  should,  in  a  particularly  visible,  orderly,  and  gradual  manner,  present 
it  to  the  eye  ;  so  as  to  show  to  the  outward  sense  that  out  of  the  genn 
of  this  idea  might  grow  a  tree  of  physiology  fit  to  overshadow  the 
world." 

Voigt,  professor  at  Jena,  was  one  of  the  first  who  adopted  Gdthe's 
view  into  an  elementary  work,  which  he  did  in  1808.  Other  bota- 
nists labored  in  the  direction  which  had  thus  been  pointed  out.  Of 
those  who  have  thus  contributed  to  the  establishment  and  develope- 
incnt  of  the  mctamorphic  doctrine.  Professor  De  Candolle,  of  Geneva, 
is  perhaps  the  most  important.  His  Theory  of  Devclopement  rcMs 
upon  two  main  principles,  abortion  and  adhesion.  By  considering 
some  parts  as  degenerated  or  absent  through  the  abortion  of  the  buds 
which  might  have  formed  them,  and  other  parts  as  adhering  together, 
he  holds  that  all  plants  may  be  reduced  to  perfect  symmetry :  and 
the  actual  and  constant  occurrence  of  such  incidents  is  shown  beyond 


•  Oe»eh  Bolan,  ii.  304.  *    Zur  Morph  L  229. 
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lucid  and  excellent  notion  of  the  Cambridge  teacher  jras  not  accepted 
with  greater  alacrity,  and  further  unfolded  by  his  contemporaries."  It 
has,  however,  since  been  universally  adopted. 

But  though  the  discrimination  of  muscular  irritability  as  a  peculiar 
power  might  be  a  useful  8t<}p  in  physiological  research,  the  explanalioDs 
hitherto  offered,  of  the  way  in  which  the  nerves  operate  on  this  irrita- 
bility, and  discharge  their  other  offices,  present  only  a  scries  of  hypo- 
theses. Glisson"  assumed  the  existence  of  certain  vital  spirits,  which, 
according  to  him,  are  a  mild,  sweet  fluid,  resembling  the  spirituous  part 
of  white  of  egg,  and  residing  in  the  nerves. — ^This  hypothesis,  of  a  veiy 
subtle  humor  or  spirit  existing  in  the  ner\'es,  was  indeed  very  early 
taken  up."  This  nervous  spirit  had  been  compared  to  air  by  Enws- 
tratus,  Asclepiades,  Galen,  and  others.  The  chemical  tendencies  of  the 
seventeenth  century  led  to  its  being  described  as  acid,  sulphureous  or 
nitrous.  At  the  end  of  that  century,  the  hypotlicsis  of  an  ether  attracted 
much  notice  as  a  means  of  accounting  for  many  phenomena ;  and  this 
ether  was  identified  with  the  nervous  fluid.  Newton  himself  inclines 
to  this  view,  in  the  remarkable  Queries  which  are  annexed  to  his 
Opticks.  After  ascribing  many  physical  cflects  to  his  ether,  he  adds 
(Query  23),  "Is  not  vision  pcTfoniicd  chiefly  by  the  vibrations  of  this 
medium,  excited  in  the  bottom  of  the  eye  by  the  rays  of  light,  and 
propagated  throuc^h  the  solid,  pellucid,  and  uniform  capillamenta  of 
the  nerves  into  the  place  of  sensation  ?"  And  (Quer}'  24),  **  Is  not 
animal  motion  performed  by  the  vibrations  of  this  medium,  excited  in 
the  brain  by  the  power  of  the  will,  and  propagated  from  thence  through 
the  capillamenta  of  the  ricrves  into  the  muscles  for  contracting  and 
dilating  them  ?•'  And  an  opinion  approaching  this  has  been  adopted 
by  some  of  the  greatest  of  modern  physiologists ;  as  llaller,  who  says,'^ 
that,  though  it  is  more  easy  to  find  what  this  nervous  spirit  is  not  than 
what  it  is,  he  conceives  that,  whilo  it  must  be  far  too  fine  to  be  per- 
ceived by  the  sense,  it  must  yet  be  more  gross  than  fire,  magnetisnit 
or  electricity ;  so  that  it  may  be  contained  in  vessels,  and  confined  by 
boundaries.  An<l  Cuvier  speaks  to  the  same  effect :"  "  There  is  a  great 
probability  that  it  is  by  an  imponderable  fluid  that  the  nen'e  acts  on 
the  fibre,  and  that  this  nervous  fluid  is  drawn  from  the  blood,  and 
secreted  by  the  medullary  matter." 

Without  presuming  to  dissent  from  such  authorities  on  a  point  of 


"  Spr.  iv.  88.  *•  Haller,  Physiol,  iv.  365. 
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anatomioal  probability,  we  may  venture  to  observe,  that  theses  hypo- 
theses do  not  tend  at  all  to  elucidate  the  physiological  principle  which 
is  here  involved ;  for  this  principle  cannot  be  mechanical,  chemical,  or 
physical,  and  therefore  cannot  be  better  understood  by  embodying  it 
in  a  fluid ;  the  difficulty  we  have  in  conceiving  what  the  moving  force 
It,  is  not  got  rid  of  by  explaining  the  machinery  by  which  it  is  merely 
troMferred,  In  tracing  the  phenomena  of  sensation  and  volition  to 
their  cause,  it  is  clear  that  we  must  call  in  some  peculiar  and  hyper- 
physical  principle.  The  hypothesis  of  a  fluid  is  not  made  more  satis- 
factory by  attenuating  the  fluid  ;  it  becomes  subtle,  spirituous,  ethereal, 
imponderable,  to  no  purpose ;  it  must  cease  to  be  a  fluid,  before  its 
motions  can  become  sensation  and  volition.  This,  indeed,  is  acknow- 
ledged by  most  physiologists ;  and  strongly  stated  by  Cuvier."  "  Tlie 
impression  of  external  objects  upon  the  me,  the  production  of  a  sensa- 
tion, of  an  image,  is  a  mystery  impenetrable  for  our  thoughts."  And 
in  several  places,  by  the  use  of  this  peculiar  phrase,  "  the  wie,"  {le  moi,) 
for  the  sentient  and  volciit  faculty,  he  marks,  with  peculiar  appropn- 
atenese  and  force,  that  phraseology  borrowed  from  the  world  of  matter 
will,  in  this  subject,  no  longer  answer  our  purpose.  We  have  here  to 
go  from  Nouns  to  Pronouns,  from  Things  to  Persons.  We  pass  from 
the  Body  to  the  Soul,  from  Physics  to  Metaphysics.  We  are  come  to 
the  borders  of  material  philosophy ;  the  next  step  is  into  the  domain 
of  Thought  and  Mind.  Here,  therefore,  we  begin  to  feel  that  we  have 
reached  the  boundaries  of  our  present  subject.  The  examination  of 
that  which  lies  beyond  them  must  be  reserved  for  a  philosophy  of 
another  kind,  and  for  the  labors  of  the  future  ;  if  we  are  ever  enabled 
to  make  the  attempt  to  extend  into  that  loftier  and  wider  scene,  the 
principles  which  we  gather  on  the  ground  we  are  now  laboriously 
treading. 

Such  speculations  as  I  have  quoted  respecting  the  nervous  fluid,  pro- 
ceeding from  some  of  the  greatest  philosophers  who  ever  lived,  prove 
only  that  hitherto  the  endeavor  to  comprehend  the  mystery  of  percep- 
tion and  will,  of  life  and  thought,  have  been  fruitless  and  vain.  Many 
anatomical  tniths  have  been  discovered,  but,  so  far  as  our  survey  has 
yet  gone,  no  genuine  physiological  principle.  All  the  trains  of  physiolo- 
gical research  which  we  have  followed  have  begim  in  exact  examination 
of  organization  and  function,  and  have  ended  in  wide  conjectures  and 
arbitrary  hypotheses.     The  stream  of  knowledge  in  all  such  cases  is 


'  Rkgne  Animal,  IntrocL  p.  4Y. 
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that  the  skull  of  all  vertebrate  animals  is  pretty  well  redaced  to  a  uni- 
form structure,  and  the  laws  of  its  variations  nearly  determined.' 

The  vertebrate  animals  being  thus  reduced  to  a  single  type,  the 
question  arises  how  far  this  can  be  done  with  regard  to  oUier  animak, 
and  how  many  such  types  there  are.  And  here  we  come  to  one  of 
the  important  services  which  Cuvier  rendered  to  natural  history. 

Sect.  2. — Distinction  of  the  General  Types  of  the  Forms  of  Animak 

— Cuvier. 

Animals  were  divided  by  Lamarck  into  vertebrate  and  invertebrate; 
and  the  general  analogies  of  all  vertebrate  animals  are  easily  made ' 
manifest  But  with  regard  to  other  animals,  the  point  is  &r  frm 
clear.  Cuvier  was  the  first  to  give  a  really  philosophical  view  of  the 
animal  world  in  reference  to  the  plan  on  which  each  animal  is  con- 
structed. There  are,®  he  says,  four  such  plans ; — four  forms  on  which 
animals  appear  to  have  been  modelled  ;  and  of  which  the  ulterior  di- 
visions, with  whatever  titles  naturalists  have  decorated  them,  are  only 
very  slight  modifications,  founded  on  the  development  or  addition  of 
some  parts  which  do  not  produce  any  essential  change  in  the  plan. 

These  four  great  branches  of  the  animal  world  are  the  vertebrata, 
mollmca^  articulata,  radiata  ;  and  the  diff'ercnces  of  these  arc  so  im- 
portant that  a  slight  explanation  of  them  may  be  permitted. 

The  vertebra ta  arc  those  animals  which  (as  man  and  other  sucklers, 
birds,  fishes,  lizards,  frogs,  serpents)  have  a  backbone  and  a  skull 
with  lateral  appendages,  within  which  the  viscera  are  included,  and  to 
which  the  muscles  are  attached. 

The  moUusca,  or  sofl  animals,  have  no  bony  skeleton ;  tlie  muscles 
are  attached  to  the  skin,  which  often  includes  stony  plates  called 
sliells  ;  such  molluscs  are  shell-fish ;  others  are  cuttle-fish,  and  many 
pulpy  sea-animals. 

The  articulata  consist  of  Crustacea  (lobsters,  <fc;c.),  insects,  spideri, 
and  annidosc  worms,  which  consist  of  a  head  and  a  number  of  success 
sive  annular  portions  of  the  body  jointed  together  (to  the  interior  of 
which  the  nuisclcs  are  attached),  whence  the  name. 

Finally,  the  radiata  include  the  animals  known  under  the  name  of 
zoophytes.  In  the  preceding  three  branches  the  organs  of  motion  and 
of  sense  were  distributed  symmetrically  on  the  two  sides  of  an  a\is, 


^  Cuv.  Hist,  Sc.  Nat.  in.  442.  ■  Jtiffns  Animal,  p.  57. 
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60  that  the  animal  has  a  right  and  a  left  side.  In  the  radiata  the 
similar  members  radiate  from  the  axis  in  a  circular  manner,  like  the 
petals  of  a  regular  flower. 

The  whole  value  of  such  a  classification  cannot  be  understood  with- 
out explaining  ite  use  in  enabling  us  to  give  general  descriptions,  and 
general  laws  of  the  animal  functions  of  the  classes  which  it  includes ; 
'  but  in  the  present  part  of  our  work  our  business  is  to  exhibit  it  as  an 
exemplification  of  the  reduction  of  animals  to  laws  of  Symmetry. 
The  bipartite  Symmetry  of  the  form  of  vertebrate  and  articulate  ani- 
mals is  obvious ;  and  the  reduction  of  the  various  forms  of  such  ani- 
mals to  a  common  type  has  been  effected,  by  attention  to  their 
anatomy,  in  a  manner  which  has  satisfied  those  who  have  best  studied 
the  subject  The  molhiscs,  especially  those  in  which  the  head  disap- 
pears, as  oysters,  or  those  which  are  rolled  into  a  spiral,  as  snails,  have 
a  less  obvious  Symmetry,  but  here  also  we  can  apply  certain  general 
types.  And  the  Symmetry  of  the  radiated  zoophytes  is  of  a  nature 
qnite  different  from  all  the  rest,  and  approaching,  as  we  have  sug- 
gested, to  the  kind  of  Symmetry  found  in  plants.  Some  naturalists 
have  doubted  whether*  these  zoophytes  are  not  rcfcrriblc  to  two  types 
(acrita  or  polypes,  and  true  radiata,)  rather  than  to  one. 

This  fourfold  division  was  introduced  by  Cuvier."  Before  him, 
naturalists  followed  Linnjeus,  and  divided  non-vcitebrate  animals  into 
two  classes,  insects  and  worms.  "  I  began,"  says  Cuvier,  "  to  attack 
this  view  of  the  subject,  and  offered  another  division,  in  a  Memoir  read 
at  the  Society  of  Natural  History  of  Paris,  the  21st  of  Floreal,  in  the 
year  III.  of  the  Republic  (May  10,  1795,)  printed  in  the  Decade  Phi- 
losopkique  :  in  this,  I  mark  the  characters  and  the  limits  of  molluscs, 
insects,  worms,  cchinoderras,  and  zoophytes.  I  distinguish  the  red- 
blooded  worms  or  annelides,  in  a  Memoir  read  to  the  Institute,  the 
11th  Nivose,  year  X.  (December  31, 1801.)  I  afterwards  distributed 
these  different  classes  into  three  branches,  each  co-ordinate  to  the 
branch  formed  by  the  vertebrate  animals,  in  a  Memoir  read  to  the 
Institute  in  July,  1812,  printed  in  the  Annales  du  Museum  cTJffistoire 
Naiurelle,  torn,  xix."  His  great  systematic  work,  the  Regne  Animal^ 
founded  on  this  distribution,  was  published  in  1817;  and  since  that 
time  the  division  has  been  commonly  accepted  among  naturalists. 

[2nd  Ed.]  [The  question  of  the  Classification  of  Animals  is 
discussed  in  the  first  of  Prof.  Owen's  Lectures  on  the  Invertebrate  Anu 
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I  inferior  animals.  Thus,  according  to  this  view,  the  human 
issumes  successively  the  plan  of  the  zoophyte,  the  worm,  the 
3  turtle,  th6  bird,  the  beast.  But  it  has  been  well  observed, 
n  these  analogies  we  look  in  vain  for  the  precision  which  can 
support  the  inference  that  has  been  deduced;"'"  and  that  at 
tcp,  the  higher  embryo  and  the  lower  animal  which  it  is 
id  to  resemble,  differ  in  having  each  different  organs  suited  to 
«pective  destinations. 

er"  never  assented  to  this  view,  nor  to  the  attempts  to  refer  the 
it  divisions  of  his  system  to  a  common  type.  **  He  could  not 
says  his  biographer,  "  that  the  lungs  or  gills  of  the  vertebrates 
he  same  connexion  as  the  branchise  of  molluscs  and  crustaceans, 
in  the  one  are  situated  at  the  base  of  the  feet,  or  fixed  on  the 
imselves,  and  in  the  other  often  on  the  back  or  about  the  arms, 
not  admit  the  analogy  between  the  skeleton  of  the  vertebrates 
i  skin  of  the  articulates ;  he  could  not  believe  that  the  taenia  and 
ia  were  constructed  on  the  same  plan ;  that  there  was  a  similar- 
composition  between  the  bird  and  the  echinus,  the  whale  and 
il ;  in  spite  of  the  skill  with  which  some  persons  sought  gradu- 
effacc  their  discrepancies." 

!ther  it  may  be  possible  to  establish,  among  the  four  great  divi- 
f  the  "  Animal  Kingdom,"  some  analogies  of  a  higher  order 
ose  which  prevail  within  each  division,  I  do  not  pretend  to  con- 
.  If  this  can  be  done,  it  is  clear  that  it  must  be  by  comparing 
cs  of  these  divisions  under  their  most  general  forms :  and  thus 
s  arrangement,  so  far  as  it  is  itself  rightly  founded  on  the  unity 
position  of  each  branch,  is  the  surest  step  to  the  discovery  of  a 
ervading  and  uniting  these  branches.  But  those  who  general- 
ly, and  those  who  generalize  rapidly,  may  travel  in  the  same 
m,  they  soon  separate  so  widely,  that  they  appear  to  move 
icli  other.  The  partisans  of  a  universal  "unity  of  composition" 
lals,  accused  Cuvier  of  being  too  inert  in  following  the  progress 
biological  and  zoological  science.  Borrowing  their  illustration 
e  political  parties  of  the  times,  they  asserted  that  he  belonged 
science  of  resistance,  not  to  the  science  of  the  movement.  Such 
re  was  highly  honorable  to  him;  for  no  one  acquainted  with 
tory  of  zoology  can  doubt  that  he  had  a  great  share  in  the 
}  by  which  the  "movement"  was  occasioned;  or  that  he  him- 
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MM.  Laorencet  and  Me3rraiix,  on  the  contrary,  conceived  that  the 
sepia  might  be  reduced  to  the  type  of  a  vertebrate  creature,  by  consi- 
dering the  back-bone  of  the  latter  bent  double  backwards,  so  as  to 
bring  the^  root  of  the  tail  to  the  nape  of  the  neck ;  the  parts  thut 
brought  into  contact  being  supposed  to  coalesce.  By  this  mode  of 
conception,  these  anatomists  held  that  the  viscera  were  placed  in  the 
same  connexion  as  in  the  vertebrate  type,  and  the  functions  exercised 
in  an  analogous  manner. 

To  decide  on  the  reality  of  the  analogy  thus  asserted,  clearly  belong- 
ed to  the  jurisdiction  of  the  most  eminent  anatomists  and  physiologists. 
The  Memoir  was  committed  to  Geoffroy  Saint-Hilaire  and  Latreille, 
two  eminent  zoologists,  in  order  to  be  reported  on.  Their  report  was 
extremely  favorable ;  and  went  almost  to  the  length  of  adopting  the 
views  of  the  authors. 

Cuvier  expressed  some  dissatisfaction  with  this  report  on  its  being 
read  ;•  and  a  short  time  afterwards,^  represented  Geoffroy  Saint-Hilaire 
as  having  asserted  that  the  new  views  of  Laurencet  and  Meyranx 
refuted  completely  the  notion  of  the  great  interval  which  exists 
between  molluscous  and  vertebrate  animals.  Geoffroy  protested  against 
such  an  interpretation  of  his  expressions ;  but  it  soon  appeared,  by  the 
controversial  character  which  the  discussions  on  this  and  several  other 
subjects  assumed,  that  a  real  opposition  of  opinions  was  in  action. 

Without  attempting  to  explain  the  exact  views  of  Geoffroy,  (we  may, 
perhaps,  venture  to  say  that  they  are  hardly  yet  generally  understood 
with  suflScient  distinctness  to  justify  the  mere  historian  of  science  in 
attempting  such  an  explanation,)  their  general  tendency  may  be  suflS- 
ciently  collected  from  what  has  been  said ;  and  from  the  phrases  in 
which  his  views  are  conveyed.'  The  principle  of  connexions^  the  elec- 
tive affinities  of  organic  elements^  the  equilibrization  of  organs  ; — such 
are  the  designations  of  the  leading  doctrines  which  arc  unfolded  in  the 
preliminary  discourse  of  his  Anatomical  Philosophy,  Elective  aflSni- 
ties  of  organic  elements  are  the  forces  by  which  the  vital  structures 
and  varied  forms  of  living  things  are  produced  ;  and  the  principles  of 
connexion  and  equilibrium  of  these  forces  in  the  various  parts  of  the 
organization  prescribe  limits  and  conditions  to  the  variety  and  develope- 
ment  of  such  forms. 

The  character  and  tendency  of  this  philosophy  will  be,  I  think. 


Prlne.  de  Phil.  Zool.  disetUh  en  1880,  p.  86.  '  p.  50. 

Phil,  ZooL  16. 


THE  DOCTRINE   OF  FINAL   CAUSES.  487 

have  rcmaineil  luuis^ailable  so  \ou<^  as  the  (juestlon  was  a  professional 
one ;  and  tlie  discussion  is  open  to  those  who  possess  no  peculiar 
Icnowledgc  of  anatomy.  We  shall,  therefore,  venture  to  say  a  few 
words  upon  it. 

Sect,  2. — Estimate  of  the  Doctrine  of  Unity  of  Plan, 

It  has  been  so  often  repeated,  and  so  generally  allowed  in  modern  times, 
that  Final  Causes  ought  not  to  be  made  our  guides  in  natural  philoso- 
phy, that  a  prejudice  has  been  established  against  the  introduction  of 
any  views  to  which  this  designation  can  be  applied,  into  physical  spe- 
caktions.  Yet,  in  finct,  the  assumption  of  an  end  or  purpose  in  the 
stmcture  of  organized  beings,  appears  to  be  an  intellectual  habit  which 
no  efforts  can  cast  off.  It  has  prevailed  from  the  earliest  to  the  latest 
ages  of  zoological  research  ;  appears  to  be  fastened  upon  us  alike  by 
our  ignorance  and  our  knowledge ;  and  has  been  formally  accepted  by 
so  many  great  anatomists,  that  we  cannot  feel  any  scruple  in  believing 
the  rejection  of  it  to  be  the  superstition  of  a  false  philosophy,  and  a 
result  of  the  exaggeration  of  other  principles  which  are  supposed  capa- 
ble of  superseding  its  use.  And  the  doctrine  of  unity  of  plan  of  all 
animals,  and  the  other  principles  associated  with  this  doctrine,  so  far 
as  they  exclude  the  conviction  of  an  intelligible  scheme  and  a  disco- 
verable end,  in  the  organization  of  animals,  appear  to  be  utterly  erro- 
neous. I  will  offer  a  few  reasons  for  an  opinion  which  may  appear 
presumptuous  in  a  writer  who  has  only  a  general  knowledge  of  the 
subject 

1.  In  the  first  place,  it  appears  to  me  that  the  argumentation  on  the 
case  in  question,  the  Sepia,  does  by  no  means  turn  out  to  the  advan- 
tage of  the  new  hypothesis.  The  arguments  in  support  of  the  hypo- 
thetical view  of  the  structure  of  this  mollusc  were,  that  by  this  view 
the  relative  position  of  the  parts  was  explained,  and  confirmations 
which  had  appeared  altogether  anomalous,  were  reduced  to  rule ;  for 
example,  the  beak,  which  had  been  supposed  to  be  in  a  position  the 
reverse  of  all  other  beaks,  was  shown,  by  the  assumed  posture,  to  have 
its  upper  mandible  longer  than  the  lower,  and  thus  to  be  regularly 
placed.  "  But,"  says  Cuvier,"  "  supposing  the  posture,  in  order  that  • 
the  side  on  which  the  funnel  of  the  sepia  is  folded  should  be  the  back 
of  the  animal,  considered  as  similar  to  a  vertebrate,  the  brain  with  re- 
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and  they  arc  acconipaniod  by  scNcral  other  organs  \vliich  vertebrates 
have  not ;  while  these  on  the  other  liand  have  several  which  are  want- 
ing in  cephalopods." 

We  shall  see  afterwards  the  general  principles  which  Cuvier  himself 
considered  as  the  best  guides  in  these  reasonings.  But  I  will  first  add 
a  few  words  on  the  disposition  of  the  school  now  under  consideration, 
to  reject  all  assumption  of  an  end. 

2.  That  the  parts  of  the  bodies  of  animals  are  made  in  order  to 
discharge  their  respective  oflSces,  is  a  conviction  which  Tve  cannot 
b^eve  to  be  otherwise  than  an  irremovable  principle  of  the  philoso- 
phy of  organization,  when  we  see  the  manner  in  which  it  has  cou- 
stantlj  forced  itself  upon  the  minds  of  zoologists  and  anatomists  in  all 
ages ;  not  only  as  an  inference,  but  as  a  guide  whose  indications  they 
eonld  not  help  following.  I  have  already  noticed  expressions  of  this 
conviction  in  some  of  the  principal  persons  who  occur  in  the  history 
of  physiology,  as  Galen  and  Harvey.  I  might  add  many  more,  but  I 
will  content  myself  with  adducing  a  contemporary  of  Geoffroy's  whose 
testimony  is  the  more  remarkable,  because  he  obviously  shares  with 
his  countryman  in  the  common  prejudice  against  the  use  of  final 
causes.  "I consider,"  he  says,  in  speaking  of  the  provisions  for  the 
reproduction  of  animals,"  "  with  the  great  Bacon,  the  philosophy  of 
final  causes  as  steiile ;  but  I  have  elsewhere  acknowledged  that  it  was 
very  difiScult  for  the  most  cautious  man  never  to  have  recourse  to 
them  in  his  explanations."  After  the  survey  which  we  have  had  to 
take  of  the  history  of  physiology,  we  cannot  but  see  that  the  assump- 
tion of  final  causes  in  this  branch  of  science  is  so  far  from  being 
sterile,  that  it  has  had  a  large  share  in  every  discovery  which  is 
included  in  the  existing  mass  of  real  knowledge.  The  use  of  every 
organ  has  been  discovered  by  starting  from  the  assumption  that  it 
must  have  some  use.  Tlie  doctrine  of  the  circulation  of  the  blood 
was,  as  we  have  seen,  clearly  and  professedly  due  to  the  persuasion  of 
a  purpose  in  the  circulatory  apparatus.  The  study  of  comparative 
anatomy  is  the  study  of  the  adaption  of  animal  structures  to  their 
purposes.  And  we  shall  soon  have  to  show  that  this  conception  of 
final  causes  has,  in  our  own  times,  been  so  far  from  barren,  that  it  has, 
in  the  hands  of  Cuvier  and  others,  enabled  us  to  become  intimately 
acquainted  with  vast  departments  of  zoology  to  which  we  have  no 
other  mode  of  access.     It  has  placed  before  us  in  a  complete  state 


*•  Cabanis,  Rapports  du  Physique  ct  du  Morale  de  V Homme,  I  229. 
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priori  considerations  can  supply,  has  long  preceded  the  knowledge  of 
them  as  real  and  verified  laws.  In  such  a  way  it  was  seen,  before 
Newton,  that  the  motions  of  the  planets  must  result  from  attraction ; 
and  so,  before  Dufay  and  Franklin,  it  was  held  that  electrical  actions 
mnsl  result  from  a  fluid.  Cuvier's  merit  consisted,  not  in  seeing  that 
an  animal  cannot  exist  without  combining  all  the  conditions  of  its  exist- 
ence; but  in  perceiving  that  this  truth  may  be  taken  as  a  guide  in  our 
researches  concerning  animals ; — ^that  the  mode  of  their  existence  may 
be  collected  from  one  part  of  their  structure,  and  then  applied  to  inter- 
pret or  detect  an  other  part.  He  went  on  the  supposition  not  only  that  ani- 
mal forms  have  some  plan,- «ome  purpose,  but  that  they  have  an  intelligible 
plan,  a  discoverable  purpose.  He  proceeded  in  his  investigations  like 
the  decipherer  of  a  manuscript,  who  makes  out  his  alphabet  from  one 
part  of  the  context,  and  then  applies  it  to  read  the  rest.  The  proof 
that  his  principle  was  something  very  different  from  an  identical  pro- 
position, is  to  be  found  in  the  fact,  that  it  enabled  him  to  understand 
and  arrange  the  structures  of  animals  with  unprecedented  clearness  and 
completeness  of  order ;  and  to  restore  the  forms  of  the  extinct  animals 
which  are  found  in  the  rocks  of  the  earth,  in  a  manner  which  has 
been  universally  assented  to  as  irresistibly  convincing.  These  results 
cannot  flow  from  a  trifling  or  barren  principle ;  and  they  show  us  that  if 
we  are  disposed  to  form  such  a  judgment  of  Cuvier's  doctrine,  it  must 
be  because  we  do  not  fully  apprehend  its  import. 

To  illustrate  this,  we  need  only  quote  the  statement  which  he  makes, 
and  the  uses  to  which  he  applies  it.     Thus  in  the  Introduction  to  his 
great  work  on  Fossil  Remains  he  says,  "  Every  organized  being  forms 
«n  entire  system  of  its  own,  all  the  parts  of  which  mutually  correspond, 
snd  concur  to  produce  a  certain  definite  purpose  by  reciprocal  reaction, 
or  by  combining  to  the  same  end.     Hence  none  of  these  separate  parts 
can  change  their  forms  without  a  corresponding  change  in  the  other 
parts  of  the  same  animal ;  and  consequently  each  of  these  parts,  taken 
separately,  indicates  all  the  other  parts  to  which  it  has  belonged.     Thus, 
if  the  viscera  of  an  animal  are  so  organized  as  only  to  be  fitted  for  the 
digestion  of  recent  flesh,  it  is  also  requisite  that  the  jaws  should  be  so  con- 
structed as  to  fit  them  for  devouring  prey;  the  claws  must  be  constructed 
for  seizing  it  and  tearing  it  to  pieces ;  the  teeth  for  cutting  and  dividing 
its  flesh ;  the  entire  system  of  the  limbs  or  organs  of  motion  for  pur- 
suing and  overtaking  it ;  and  the  organs  of  sense  for  discovering  it  at 
a  distance.     Nature  must  also  have  endowed  the  brain  of  the  animal 
with  instincts  sufiicient  for  concealing  itself,  and  for  laying  plans  to 
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real  philosopher,  who  knows  that  all  the  kinds  of  truth  are  in- 
y  connected,  and  that  all  the  best  hopes  and  encouragements 
are  granted  to  our  nature  must  be  consistent  with  truth,  will  bo 
d  and  confirmed,  rather  than  surprised  and  disturbed,  thus  to 
e  Natural  Sciences  leading  him  to  the  borders  of  a  higher  region, 
a  it  will  appear  natural  and  reasonable,  that  after  journeying  so 
nong  the  beautiful  and  orderly  laws  by  which  the  universe  is 
ed,  we  find  ourselves  at  last  approaching  to  a  Source  of  oixler 
»v,  and  intellectual  beauty : — that,  after  venturing  into  the  region 
and  feeling  and  will,  we  are  led  to  believe  the  Fountain  of  life 
11  not  to  be  itself  unintelligent  and  dead,  but  to  be  a  living  Mind, 
2T  which  aims  as  well  as  acts.  To  us  this  doctrine  appears  like 
:ural  cadence  of  the  tones  to  which  we  have  so  long  beenlisten- 
nd  without  such  a  final  strain  our  ears  would  have  been  left 
r  and  unsatisfied.  We  have  been  lingering  long  amid  the  har- 
of  law  and  symmetry,  constancy  and  development ;  and  these 
though  their  music  was  sweet  and  deep,  must  too  often  have 
d  to  the  car  of  our  moral  nature,  as  vague  and  unmeaning 
es,  floating  in  the  air  around  us,  but  conveying  no  definite  thought, 
td  into  no  intelligible  announcement.  But  one  passage  which 
c  again  and  again  caught  by  snatches,  though  sometimes  inter- 
and  lost,  at  last  swells  in  our  ears  full,  clear,  and  decided ;  and 
ligious  "  Hymn  in  honor  of  the  Creator,"  to  which  Galen  so 
lent  his  voice,  and  in  which  the  best  physiologists  of  succeeding 
lavc  ever  joined,  is  filled  into  a  richer  and  deeper  harmony  by 
latest  philosophers  of  these  later  days,  and  will  roll  ou  hereafter 
erpetual  song"  of  the  temple  of  science. 
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"  The  geologist  is  an  antiquary  of  a  new  order,"  we  do  not  mark  a 
fanciful  and  superficial  resemblance  of  employment  merely,  but  a  real 
and  philosophical  connexion  of  the  principles  of  investigation.    The 
organic  fossils  which  occur  in  the  rock,  and  the  medals  which  we^find 
in  the  ruins  of  ancient  cities,  are  to  be  studied  in  a  similar  spirit  and 
for  a  similar  purpose.     Indeed,  it  is  not  always  easy  to  know  where 
the  task  of  the  geologist  ends,  and  that  of  the  antiqifary  begins.    Hie 
study  of  ancient  geography  may  involve  us  in  the  examination  of  the 
causes  by  which  the  forms  of  coasts  and  plains  are  changed ;  the  an- 
cient mound  or  scarped  rock  may  force  upon  us  the  problem,  whether 
its  form  is  tlie  work  of  nature  or  of  man ;  the  ruined  temple  may 
exhibit  the  traces  of  time  in  its  changed  level,  and  sea-worn  columns; 
and  thus  the  antiquarian  of  the  earth  may  be  brought  into  the  reiy 
middle  of  the  domain  belonging  to  the  antiquarian  of  art 

Such  a  union  of  these  different  kinds  of  archaeological  investigations 
has,  in  fact,  repeatedly  occurred.  The  changes  which  have  taken 
place  in  the  temple  of  Jupiter  Serapis,  near  Puzzuoli,  are  of  the  sort 
which  have  just  been  described ;  and  this  is  only  one  example  of  a 
large  class  of  objects  ; — the  monuments  of  art  convertol  into  records 
of  natural  events.  And  on  a  wider  scale,  we  find  Guvior,  in  his  inqui- 
ries into  geological  changes,  bringing  together  historical  and  physical 
evidence.  Dr.  Prichard,  in  his  Researches  into  the  Physical  History 
of  Man,  has  shown  tlmt  to  execute  such  a  design  as  his,  we  must 
combine  the  knowledge  of  the  physiological  laws  of  nature  with  the 
traditions  of  history  and  the  philosophical  comparison  of  languages. 
And  even  if  we  refuse  to  admit,  as  part  of  the  business  of  geology, 
inquiries  concerning  the  origin  and  physical  history  of  the  present 
population  of  the  globe  ;  still  tlic  geologist  is  compelled  to  take  an 
interest  in  such  inquiries,  in  order  to  understand  matters  which  rigor- 
ously belong  to  his  proper  domain  ;  for  the  ascertained  history  of  the 
present  state  of  things  ofters  the  best  means  of  throwing  light  upon 
the  causes  of  ^^as^  changes.  jMr.  Lyell  quotes  Dr.  Prichard's  book 
more  frequently  than  any  geological  work  of  the  same  extent. 

Again,  we  may  notice  another  common  circumstance  in  the  studies 
which  we  are  grouping  together  as  pala?tiological,  diverse  as  they  are 
in  their  subjects.  In  all  of  them  we  have  the  same  kind  of  manifesta- 
tions of  a  number  of  successive  changes,  each  springing  out  of  a  pre- 
ceding state ;  and  in  all,  the  phenomena  at  each  step  become  more 
and  more  complicated,  1  y  involving  the  results  of  all  that  has  preceded, 
modified   by  supervening  agencies.     Tlie  general  aspect   of  all  these 
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trains  of  change  is  similar,  and  offers  the  same  features  for  description, 
The  relics  and  niins  of  the  earlier  states  are  preserved,  mutilated  and 
dead)  in  the  products  of  later  times.  The  analogical  figures  by  which 
we  are  tempted  to  express  this  relation  are  philosophically  true.  It  is 
more  than  a  mere  fanciful  description,  to  say  that  in  languages,  cus- 
toms, forms  of  Society,  political  institutions,  we  see  a  number  of  forma- 
tions super-imposed  upon  one  another,  each  of  which  is,  for  the  most 
part,  an  assemblage  of  fragments  and  results  of  the  preceding  con- 
dition. Though  our  comparison  might  be  bold,  it  would  be  just, 
if  we  were  to  assert,  that  the  English  language  is  a  conglomerate 
of  Latin  words,  bound  together  in  a  Saxon  cement ;  the  fragments 
of  the  Latin  being  partly  portions  introduced  directly  from  the 
parent  quarry,  with  all  their  sharp  edges,  and  partly  pebbles  of  the 
same  material,  obscured  and  shaped  by  long  rolling  in  a  Norman 
or  some  other  channel.  Thus  the  study  of  palaetiology  in  the  mate- 
rials of  the  earth,  is  only  a  type  of  similar  studies  with  respect  to 
all  the  elements,  which,  in  the  history  of  the  earth's  inhabitants, 
have  been  constantly  undergoing  a  scries  of  connected  changes. 

But,  wide  as  is  the  view  which  such  considerations  give  us  of 
tlie  class  of  sciences  to  which  geology  belongs,  they  extend  still  fur- 
ther. "  The  science  of  the  changes  which  have  taken  place  in  the 
organic  kingdoms  of  nature,"  (such  is  the  description  which  has 
been  given  of  Geology,')  •  may,  by  following  another  set  of  connex- 
ions, be  extended  beyond  "  the  modifications  of  the  surface  of  our 
own  planet."  For  we  cannot  doubt  that  some  resemblance  of  a  closer 
or  looser  kind,  has  obtained  between  the  changes  and  causes  of 
change,  on  other  bodies  of  the  universe,  and  on  our  own.  The 
appearances  of  something  of  the  kind  of  volcanic  action  on  the  sur- 
face of  the  moon,  are  not  to  be  mistaken.  And  the  inquiries  con- 
cerning the  origin  of  our  planet  and  of  our  solar  system,  inquiries  to 
which  Geology  irresistibly  impels  her  students,  direct  us  to  ask 
what  information  the  rest  of  the  universe  can  supply,  bearing  upon 
this  subject.  It  has  been  thought  by  some,  that  we  can  trace  sys- 
tems, more  or  less  like  our  solar  system,  in  the  process  of  forma- 
tion ;  the  nebulous  matter,  which  is  at  first  expansive  and  attenu- 
ated, condensing  gradually  into  suns  and  planets.  AVhether  this 
Nebular  Hypothesis  be  tenable  or  not,  I  shall  not  here  inquire ;  but 
the  discussion  of  such  a  question  would  be  closely  connected  with 
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Prelude  to  Systematic  Descriptive  Geolooy. 


Sect,  1. — Ancient  Notices  of  Geological  Facts. 

rpHE  recent  history  of  Geology,  as  to  its  most  important  points,  is 
J-  bound  up  with  what  is  doing  at  present  from  day  to  day ;  and  that 
portion  of  the  history  of  the  science  which  belongs  to  the  past,  has 
been  amply  treated  by  other  writers.*  I  shall,  therefore,  pass  rapidly 
over  the  series  of  events  of  which  this  history  consists  ;  and  shall  only 
attempt  to  mention  what  may  seem  to  illustrate  and  confirm  my  own 
view  of  its  state  and  principles. 

Agreeably  to  the  order  already  pointed  out,  I  shall  notice,  in  the  first 
place,  Phenomenal  Geology,  or  the  description  of  the  facts,  as  distinct 
from  the  inquiry  into  their  causes.  It  is  manifest  that  such  a  merely 
descriptive  kind  of  knowledge  may  exist ;  and  it  probably  will  not  be 
contested,  that  such  knowledge  ought  to  be  collected,  before  wc 
attempt  to  frarajB  theories  concerning  the  causes  of  the  phenomena. 
But  it  must  be  observed,  that  we  are  here  speaking  of  the  formation 
of  a  science  ;  and  that  it  is  not  a  collection  of  miscellaneous,  uncon- 
nected, unarranged  knowledge  that  can  be  considered  as  constituting 
science ;  but  a  methodical,  coherent,  and,  as  far  as  possible,  complete 
body  of  facts,  exhibiting  fully  the  condition  of  the  earth  as  regards 
those  circumstances  which  are  the  subject  matter  of  geological  specu- 
lation. Such'  a  Descriptive  Geology  is  a  pre-requisite  to  Physical 
Geology,  just  as  Phenomenal  Astronomy  necessarily  preceded  Physical 
Astronomy,  or  as  Classificatory  Botany  is  a  necessary  accompaniment 
to  Botanical  Physiology.  We  may  observe  also  that  Descriptive  Geo- 
logy, such  as  we  now  speak  of,  is  one  of  the  classificatory  sciences,  like 


'  As  MM.  Lyell,  Fitton,  Conybeare,  in  our  own  country. 
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Mineralogy  or  Botany  :  and  will  be  found  to  exhibit  some  of  the  fea- 
tures of  that  class  of  sciences. 

Since,  then,  our  History  of  Descriptive  Geology  is  to  include  only , 
systematic  and  scientific  descriptions  of  the  earth  or  portions  of  it,  we 
pass  over,  at  once,  all  tlie  casual  and  insulated  statements  of  &ctB, 
though  they  may  be  geological  facts,  which  occur  in  early  writcPB; 
such,  for  instance,  as  the  remark  of  Herodotus,'  that  there  are  shells 
in  the  mountains  of  Egypt ;  or  the  general  statements  which  OridpntB 
in  the  mouth  of  Pytliagoras  :* 

Vidi  ego  quod  faeiiit  solidissima  tellos. 
Ease  fretum ;  vidi  factaa  ex  asquore  terms, 
Et  procul  a  pelago  conchtB  jacuere  mariniE. 

We  may  remark  here  already  how  generally  there  are  mingled  with 
descriptive  notices  of  such  geological  facts,  speculations  concemiog 
their  causes.  Herodotus  refers  to  the  circumstance  just  quoted,  forthe 
purpose  of  showing  that  Egypt  was  formerly  a  gulf  of  the  sea;  and 
the  passage  of  the  Roman  poet  is  part  of  a  scries  of  cxcmplificatioM 
which  he  gives  of  the  philosophical  tenet,  that  nothing  perishes  but 
cveiything  changes.  It  will  be  only  by  constant  attention  that  we 
shall  be  able  to  keep  our  provinces  of  geology  distinct. 

Sect,  2. — Aarlij  Dcscr'qHions  and  Collections  of  Fossils, 

If  we  look,  as  wc  have  proposed  to  do,  for  systematic  and  exact  know- 
ledge of  geological  facts,  we  find  nothing  which   we  can  properly 
adduce  till  we  come  to  modern  times.     But  when  facts  such  as  those 
already  mentioned,  (that  sea-shcUs  and  other  marine  objects  are  found 
imbedded  in  rocks,)  and  other  circumstances  in  the  structure  of  the 
earth,  had  attracted  considerable  attention,  the  exact  examination,  col- 
lection, and  record  of  these  circumstances  began  to  be  attempted. 
Among  such  steps  in  Descriptive  Geology,  we  may  notice  descriptions 
and  pictures  of  fossils,  descriptions  of  veins  and  mines,  collections  of 
organic  and  inorganic  fossils,  maps  of  the  mineral  structure  of  coun- 
tries, and  finally,  the  discoveries  concerning  the  superposition  of  strata, 
the  constancy  of  their  organic  contents,  their  correspondence  in  differ- 
ent countries,  and  such  great  general  relations  of  the  materials  and 
features  of  the  earth  as  have  been  discovered  up  to  the  present  time. 
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Without  attempting  to  assign  to  every  important  advance  its  author,  1 
shall  briefly  exemplify  each  of  the  modes  of  contributing  to  descriptive 
geology  which  I  have  just  enumerated. 

The  study  of  organic  fossils  was  first  pursued  with  connexion  and  sys- 
tem in  Italy,  The  hills  which  on  each  side  skirt  the  mountain-range 
of  the  Apennines  are  singularly  rich  in  remains  of  marine  animals. 
When  these  remarkable  objects  drew  the  attention  of  thoughtful  men, 
controversies  soon  arose  whether  they  really  were  the  remains  of  living 
creatures,  or  the  productions  of  some  capricious  or  mysterious  power 
by  which  the  forms  of  such  creatures  were  mimicked ;  and  again,  if 
the  shells  were  really  the  spoils  of  the  sea,  whether  they  had  been  car- 
ried to  the  hills  by  the  deluge  of  which  the  Scripture  speaks,  or 
whether  they  indicated  revolutions  of  the  earth  of  a  different  kind. 
The  earlier  works  which  contain  the  descriptions  of  the  phenomena 
have,  in  almost  all  instances,  by  far  the  greater  part  of  their  pages 
occnpied  with  these  speculations ;  indeed,  the  facts  could  not  be  studied 
without  leading  to  such  inferences,  and  would  not  have  been  collected 
but  for  the  interest  which  such  reasonings  possessed.  As  one 
of  the  first  persons  who  applied  a  sound  and  vigorous  intellect  to 
these  subjects,  we  may  notice  the  celebrated  painter  Leonardo  da 
Vinci,  whom  we  have  already  had  to  refer  to  as  one  of  the  founders 
of  the  modern  mechanical  sciences.  He  strenuously  asserts  the 
contents  of  the  rocks  to  be  real  shells,  and  maintains  the  reality  of 
the  changes  of  the  domain  of  land  and  sea  which  these  spoils  of  the 
ocean  imply.  "You  will  tell  me,"  he  says,  "that  nature  and  the 
influence  of  the  stars  have  formed  these  shelly  forms  in  the  moun- 
tains ;  then  show  me  a  place  in  the  mountains  where  the  stars  at  the 
present  day  make  shelly  forms  of  different  ages,  and  of  different  spe- 
cies in  the  same  place.  And  how,  with  that,  will  you  explain  the 
gravel  which  is  hardened  in  stages  at  different  heights  in  the  moun- 
tains f"  He  then  mentions  several  other  particulars  respecting  these 
evidences  that  the  existing  mountains  were  formerly  in  the  bed  of  tlic 
sea.  Leonardo  died  in  1519.  At  present  we  refer  to  geological 
essays  like  his,  only  so  far  as  they  are  descriptive.  Going  onwards 
with  this  view,  we  may  notice  Fracastoro,  who  wrote  concerning  the 
petrifactions  which  wore  brought  to  light  in  the  mountains  of  Verona, 
when,  in  151 7,  they  were  excavated  for  the  purpose  of  repairing  the 
city.  Little  was  done  in  the  way  of  collection  of  facts  for  some  time 
after  this.  In  1669,  Steno,  a  Dane  resident  in  Italy,  put  forth  his 
treatise,  De  SoUdo  intra  Soliduin  naturaliter  contento  ;  and  the  fol 


608  HISTORY  OP  GEOLOGY. 

lowing  year,  Augustino  Scilla,  a  Sicilian  painter,  published  a  Lalii 
epistle,  l)t  Corporihus  Marinia  Lapidesccntibus,  illustrated  by  good 
c!igiavings  of  fossil-shells,  teeth,  and  corals.*  After  another  inteml 
of  speculative  controversy,  we  couie  to  Antonio  Vallisneri,  whoee  let- 
ters, De'  Corpi  Marini  eke  «w'  Monti  si  trovano,  appeared  at  Venice 
in  1721.  In  these  letters  he  describes  the  fossils  of  Monte  Bolca,  and 
attempts  to  trace  tlie  extent  of  the  marine  deposits  of  Italy,*  and  to 
distinguish  the  most  important  of  the  fossils.  Similar  descriptions 
and  figures  were  published  with  reference  to  our  own  countiy  at  a 
later  period.  In  176C,  Brander's  Fossilia  Jlantanicnsia,  or  Hamp- 
shire Fossils,  appeared ;  containing  excellent  figures  of  fossil  shells 
from  a  part  of  the  south  coast  of  England ;  and  similar  works  came 
forth  in  other  parts  of  Europe. 

However  exact  might  be  the  descriptions  and  figures  thus  prodaced, 
they  could  not  give  such  complete  information  as  the  objects  them- 
selves, collected  and  pennanently  preserved  in  museums.  Vallianeri 
says,'  that  having  begun  to  collect  fossils  hr  the  purpose  of  formings 
grotto,  ho  selected  the  best,  and  prestTvc<l  them  "  as  a  noble  diversion 
for  the  more  curious.''  The  museum  of  Calceolarius  at  Verona  con- 
tained a  celebrated  collection  of  such  remains.  A  copious  description 
of  it  appeared  in  10*22.  Such  collections  had  been  made  from  an  ear- 
lier period,  and  catalogues  of  them  publif^hed.  Thus  Gessner's  wort 
J)e  licrurn  Fosisilinm^  Lapidum  it  ^fC;7/7/2arwm /V^wW«  (1566),  con- 
tains a  catalogue  of  the  cabinet  of  petrifactions  collected  by  John 
Kentman  ;  many  catalogues  of  the  same  kind  appeared  in  the  seven- 
teenth century.'  Lhwyd's  Lyilaqdnjlaccli  Britannia  Iconoffraphia^ 
published  at  Oxford  in  16G9,  and  exhibiting  a  very  ample  catalogue 
of  Enirlish  Fossils  contained  in  the  Ashmolcan  Museum,  mavbeno- 
ticed  as  one  of  these. 

One  of  the  most  remarkable  occurrences  in  the  progress  of  descrip- 
tive geology  in  England,  was  the  formation  of  a  geological  museum 
by  "William  AVoodward  as  early  as  1095.  This  collection,  formed 
with  great  labor,  systematically  arranged,  and  carefully  catalogued,  he 
bequeathed  to  the  Univei-sity  of  Cambridge ;  founding  and  endowing 


*  Augustine  Scilla's  original  drawings  of  fossil  shells,  teeth,  and  corals,  from 
which  the  engravings  mentioned  in  the  text  were  executed,  as  well  as  the 
natural  objects  from  which  the  drawings  were  made,  were  bought  by  Wood- 
ward, and  are  now  in  the  "Woodwardian  Museum  at  Cambridge. 

•  p.  20.  •  p.  1.  '  Parkinson,  Organic  Remains,  vol.  L  p.  20. 
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at  the  same  time  a  professorship  of  the  study  of  geology.  The  Wood 
waidian  Museum  still  subsists,  a  monument  of  the  sagacity  with  which 
its  anthor  so  early  saw  the  importance  of  such  a  collection. 

Collections  and  descriptions  of  fossils,  including  in  the  term  speci- 
mens of  minerals  of  all  kinds,  as  well  as  organic  remains,  were  fre- 
qnently  made,  and  especially  in  places  where  mining  was  cultivated ; 
but  under  such  circumstances,  they  scarcely  tended  at  all  to  that 
general  and  complete  knowledge  of  the  earth  of  which  we  are  now 
tracing  the  progress. 

In  more  modern  times,  collections  may  be  said  to  be  the  most 
important  books  of  the  geologist,  at  least  next  to  the  strata  themselves. 
The  identifications  and  arrangements  of  our  best  geologists,  the 
lomiense  studies  of  fgssil  anatomy  by  Cuvier  and  others,  have  been 
conducted  mainly  by  means  of  collections  of  specimens.  They  are 
more  important  in  this  study  than  in  botany,  because  specimens  which 
contain  important  geological  information  are  both  more  rare  and  more 
pennanent  Plants,  though  each  individual  is  perishable,  perpetuate 
and  diffuse  their  kind  ;  while  the  organic  impression  on  a  stone,  if  lost> 
may  never  occur  in  a  second  instance ;  but,  on  the  other  hand,  if  it 
be  presented  in  the  museum,  the  individual  is  almost  as  permanent  in 
this  case,  as  the  species  in  the  other. 

I  shall  proceed  to  notice  another  mode  in  which  such  information 
was  conveyed. 

Sect.  3. — First  Construction  of  Geological  Maps, 

Dr.  Lister,  a  learned  physician,  sent  to  the  Royal  Society,  in  1683,  a 
proposal  for  maps  of  soils  or  minerals ;  in  which  he  suggested  that  in 
the  map  of  England,  for  example,  each  soil  and  its  boundaries  might 
be  distinguished  by  color,  or  in  some  other  way.  Such  a  mode  of  ex- 
pressing and  connecting  our  knowledge  of  the  materials  of  the  earth 
was,  perhaps,  obvious,  when  the  mass  of  knowledge  became  conside- 
rable. In  1720,  Fontenelle,  in  his  observations  on  a  paper  of  De  Reau- 
mur's, which  contained  an  account  of  a  deposit  of  fossil-shells  in  Tou- 
raine,  says,  that  in  order  to  reason  on  such  cases,  "  we  must  have  a 
kind  of  geographical  charts,  constructed  according  to  the  collection 
of  shells  found  in  the  earth."  But  he  justly  adds,  "  What  a  quantity 
of  observations,  and  what  time  would  it  not  require  to  form  such 
maps  I" 

l^ic  execution  of  such  projects  required,  not  merely  great  labor,  but 
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CHAPTER  II, 
Formation  of  Systematic  Descriptive  Geoloot. 


SecL  1. — Discovery  of  the  Order  and  Stratification  of  the  Materia U 

of  the  Earth. 

riTHAT  the  substances  of  which  the  earth  is  framed  arc  not  scattered 
J-  and  mixed  at  random,  but  possess  identity  and  continuity  to  n 
considerable  extent,  Lister  was  aware,  when  he  proposed  his  map.  IJut 
there  is,  in  his  suggestions,  nothing  relating  to  stratification ;  nor  any 
order  of  position,  still  less  of  time,  assigned  to  these  materials.  Wood- 
ward, however,  appears  to  have  been  fully  aware  of  the  general  law  of 
stratification.  On  collecting  information  from  all  parts,  "  the  result 
was,"  he  says,  "  that  in  time  I  was  abundantly  assured  that  the  circum- 
stances of  these  things  in  remoter  countries  were  much  the  same  witii 
those  of  ours  here :  that  the  stone,  and  other  terrestrial  matter  in 
France,  Flanders,  Holland,  Spain,  Italy,  Germany,  Denmark,  and 
Sweden,  was  distinguished  into  strata  or  layers^  as  it  is  in  England ; 
that  these  strata  were  divided  by  parallel  fissures;  that  there  were 
enclosed  in  the  stone  and  all  the  other  denser  kinds  of  terrestrial 
matter,  great  numbers  of  the  shells,  and  other  productions  of  the 
sea,  in  the  same  manner  as  in  that  of  this  island."*  So  remarka- 
ble a  truth,  thus  collected  from  a  copious  collection  of  particulars 
by  a  patient  induction,  was  an  important  step  in  the  science. 

These  general  facts  now  began  to  be  commonly  recognized,  and  fol- 
lowed into  detail.  Stukcly  the  antiquary'  (1*724),  remarked  an  im- 
portant feature  in  the  strata  of  England,  that  their  escarpments^  o\ 
steepest  sides,  are  turned  towards  the  west  and  north-west ;  and  Stra- 
chey*  (1719),  gave  a  stratigraphical  description  of  certain  coal-mines 
near  Bath.*     Michell,  appointed  Woodwardian  Professor  at  Cambridge 


*  Natural  Hittory  of  the  Earth,  1723. 
^  Jiinerarium  Curiosuniy  1724. 

'  Phil.  Trant,  1719,  and  Observations  on  Strata,  &e.  1729. 

*  Fitton,  Annals  of  Philosophy,  N.  S.  vol  i  and  ii.  (1832,  '3),  p.  167. 
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in  17C2,  described  this  stratified  structure  of  the  earth  far  moredii- 
tinctly  than  his  predecessors,  and  pointed  out,  as  the  consequence  of 
it,  that  "  the  same  kinds  of  earths,  stones,  and  minerals,  will  appear  at 
the  surface  of  the  earth  in  long  parallel  slips,  parallel  to  the  long 
ridges  of  mountains ;  and  so,  in  feet,  we  find  them."  * 

Michell  (as  appeared  by  papers  of  his  which  were  examined  after 
his  death)  had  made  himself  acquainted  with  the  series  of  English 
strata  which  thus  occur  from  Cambridge  to  York ; — that  is,  from  the 
(•halk  to  the  coal.  These  relations  of  position  required  that  geological 
maps,  to  complete  the  information  they  conveyed,  should  be  accompa- 
nied by  geological  Sections,  or  imaginary  representations  of  the  order 
and  mode  of  superpositions,  as  well  as  of  the  superficial  extent  of  the 
strata,  as  in  more  recent  times  has  usually  been  done.  The  strata,  as 
we  travel  from  the  higher  to  the  lower,  come  from  under  each  other 
into  view  ;  and  this  out-cropping,  hasseting,  or  by  whatever  other  term 
it  is  described,  is  an  important  feature  in  their  description. 

It  was  further  noticed  that  these  relations  of  position  were  combined 
with  other  important  fiicts,  which  irresistibly  suggested  the  notion  of  a 
relation  in  time.  This,  indeed,  was  implied  in  all  theories  of  the  earth; 
but  observations  of  the  facts  most  require  our  notice.  Stono  is  asserted 
i)y  Humboldt*  to  be  the  first  who  (in  16G0)  distinguished  between 
ror^ks  anterior  to  the  existence  of  plants  and  animals  upon  the  globe, 
<N)ntJiining  therefore  no  organic  remains ;  and  rocks  super-imposed  on 
tliese,  and  full  of  su(?h  remains;  "tnrbidi  maris  sedimcnta  sibi  invicem 
iinposita." 

Ilouellc  is  stated  by  his  pupil  Dcsmarcst,  to  have  made  some  addi- 
tional and  important  observations.  "lie  saw,"  it  is  said,  "that the 
shells  which  occur  in  rocks  were  not  the  same  in  all  countries;  that 
certain  species  occur  together,  while  others  do  not  occur  in  the  same 
beds ;  that  there  is  a  constant  order  in  the  arrangement  of  these  shells, 
certain  species  lying  in  distinct  bands."  ' 

Such  divisions  as  these  required  to  be  marked  by  technical  names. 
A  distinction  was  made  of  Vanciennc  tcrrc  and  la  nouvelle  tent,  to 
which  Ronellc  added  a  travaillc  intermediaire.  Rouelle  died  in  I7if0, 
having  been  known  by  lectures,  not  by  books.  Lehman,  in  1156, 
claims  for  himself  the  credit  of  being  the  first  to  observe  and  describe 
?orrectly  the  structure  of  stratified  countries ;    being  ignorant,  pro* 


'  Phil.  Tram.  1760.  •  Es&ai  Oiognaatique. 

^  Eneyl.  Method,  Geogr.  Phyi.  torn.  i.  p.  416,  quoted  by  Fitton  as  above,  p  159 


SYSTEMATIC  DESCRIPTIVE  GEOLOGY.  51b 

jT,  of  the  labors  of  Strachey  in  England.  He  divided  mountaiM 
three  classes  ;•  primitive,  which  were  formed  with  the  world ; — » 
J  which  resulted  from  a  partial  destruction  of  the  primitive  rocks ; 
id  a  third  class  resulting  from  local  or  universal  deluges.  In 
I,  also,  Arduine,'  in  his  Memoirs  on  the  mountains  of  Padua, 
nza,  and  Verona,  deduced,  from  original  observations,  the  dis- 
ion  of  rocks  into  primary^  secondary,  and  tertiary, 
16  relations  of  position  and  fossils  were,  from  this  period,  in- 
rably  connected  with  opinions  concerning  succession  in  time. 
trdi  remarked,'^  that  the  strata  of  the  Sabapcnnine  hills  are 
nformable  to  those  of  the  Apennine,  (as  Strachey  had  observed, 
the  strata  above  the  coal  were  unconformable  to  the  coal ;")  and 
rork  contained  a  clear  argument  respecting  the  different  ages  of 
i  two  classes  of  hills.  Fuchsel  was,  in  1762,  aware  of  the  distinct 
of  strata  of  different  ages  in  Germany.  Pallas  and  Saussure  were 
ed  by  general  views  of  the  same  kind  in  observing  the  countries 
h  they  visited  :  but,  perhaps,  the  general  circulation  of  such 
)ns  was  most  due  to  Werner. 

xt.  "2. — Systematic  form  given  to  Descriptive  Oeology, —  Werner. 

iNER  expressed  the  general  relations  of  the  strata  of  the  earth  by 
as  of  classifications  which,  so  far  as  general  applicability  is  con- 
ed, are  extremely  imperfect  and  arbitrary ;  he  promulgated  a 
ry  which  almost  entirely  neglected  all  the  facts  previously  dis- 
red  respecting  the  grouping  of  fossils, — which  was  founded  upon 
rvations  made  in  a  very  limited  district  of  Germany, — and  which 
contradicted  even  by  the  facts  of  this  district.  Yet  the  acuteness 
is  discrimination  in  the  subjects  which  he  studied,  the  generality 
le  tenets  he  asserted,  and  the  charm  which  he  threw  about  his 
ulations,  gave  to  Geology,  or,  as  he  termed  it,  Geognosy,  a  popu- 
Y  and  reputation  which  it  had  never  before  possessed.  His 
im  had  asserted  certain  universal  formations,  which  followed  each 
r  in  a  constant  order ; — granite  the  lowest, — then  mica-slate  and 
•slate  ; — upon  these  primitive  rocks,  generally  highly  inclined,  rest 
r  transition  strata ; — upon  these,  lie  secondary  ones,  which  being 
3  nearly  horizontal,  are  called  flotz  or  flat     The  term  formation, 


•  Lyell,l70.  •  lb.  72. 

"»  lb.  74.  "  Fitton,  p.  157. 

Vol.  n.— 33. 
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athor  of  the  theory  of  igneous  causation  which  was  in  this  <x)untry 
>po8ed  to  that  of  Werner,  sought  and  found  this  phenomenon  in  the 
rampian  hills,  in   1785.    This  supposed  verification  of  his  system 
Med  him  with  delight,  and  called  forth  such  marks  of  joy  and  exul- 
tion,  that  the  guides  who  accompanied  him  were  persuaded,  says  his 
>grapher,"  that  he  must  have  discovered  a  vein  of  silver  or  gold."'* 
Desmarest's  examination  of  Auvergne  (1768)  showed  that  there  was 
jre  an  instance  of  a  country  which  could  not  even  be  described  with- 
1;  terms  implying  that  the  basalt,  which  covered  so  large  a  portion 
it>  had  flowed  from  the  craters  of  extinct  volcanoes.     His  naap  of 
vergne  was  an  excellent  example  of  a  survey  of  such  a  country,  thus 
libiting  features  quite  different  from  those   of  common  stratified 
mtries." 

rhe  facts  connected  with  metalliferous  veins  were  also  objects  of 
Bmer's  attention.  A  knowledge  of  such  facts  is  valuable  to  the 
>logist  as  well  as  to  the  miner,  although  even  yet  much  diflBculty 
ends  all  attempts  to  theorize  concerning  them.  The  facts  of  this 
bure  have  been  collected  in  great  abundance  in  all  mining  districts ; 
i  form  a  prominent  part  of  the  descriptive  geology  of  such  districts ; 
for  example,  the  Hartz,  and  Cornwall. 

Without  further  pursuing  the  history  of  the  knowledge  of  the  inor- 
nic  phenomena  of  the  earth,  I  turn  to  a  still  richer  department  of 
^^^gjj  which  is  concerned  with  organic  fossils. 

ect,  3. — Application  of  Organic  Remains  as  a  Geological  Character. 

— Smith. 

OUKLLE  and  Odoardi  had  perceived,  as  we  have  seen,  that  fossils  were 
ronped  in  bands  :  but  from  this  general  observation  to  the  execution 
a  survey  of  a  large  kingdom,  founded  upon  this  principle,  would 
*^e  been  a  vast  stride,  even  if  the  author  of  it  had  been  aware  of  the 
^trines  thus  asserted  by  these  writers.  In  fact,  however,  William 
^'th  executed  such  a  survey  of  England,  with  no  other  guide  or  help 
}^  Jijs  own  sagacity  and  perseverance.  In  his  employments  as  a 
^  Engineer,  he  noticed  the  remarkable  continuity  and  constant  order 
^e  strata  in  the  neigl^]^JorllOod  of  Bath,  as  discriminated  by  their 
8;  Ajid  about  the  year  1793,  he"  drew  up  a  Tabular  View  of  the 


IS  j>i*jrfiuVa  WbrA:^^  vol.  iv.  p.  75.  >*  Lyell,  i  90. 

i#   X^yell,  h  86,  m  yitton,  p.  148. 
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strata  of  that  district,  which  contained  tho  germ  of  his  subeequent  <lis- 
coveries.  Finding  in  tho  north  of  England  the  same  strata  and 
associations  of  strata  with  which  he  had  become  acquainted  in  the 
west^  he  was  led  to  name  them  and  to  represent  them  by  means  of 
maps,  according  to  their  occurrence  over  the  whole  fece  of  England. 
These  maps  appeared*^  in  1815 ;  and  a  work  by  the  same  author, 
entitled  The  English  Strata  identified  by  Orgamc  JRemains^cameifxw 
later.  But  the  views  on  which  this  identification  of  strata  rests,  belong 
to  a  considerably  earlier  date ;  and  had  not  only  been  acted  upon,  bat 
freely  imparted  in  conversation  many  years  before. 

In  the  meantime  the  study  of  fossils  was  pursued  with  zeal  in  fari- 
ous  countries.  Lamarck  and  Defrance  employed  themselves  in 
determining  tlie  fossil  shells  of  the  neighborhood  of  Paris  ;*'  and  the 
interest  inspired  by  this  subject  was  strongly  nourished  and  stimnkted 
by  the  memorable  work  of  Cuvier  and  Brongniart,  On  the  E%wm» 
of  Paris,  published  in  1811,  and  by  Cuvier's  subsequent  researches  on 
the  subjects  thus  brouglit  under  notice.  For  now,  not  only  the  dis- 
tinction, succession,  and  arrangement,  but  many  other  relations  among 
fossil  strata,  irresistibly  arrested  the  attention  of  the  philos<^lier. 
Brongniart"  showed  that  very  striking  resemblances  occurred  in  their 
fossil  remains,  between  certain  strata  of  Europe  and  of  North  Ameri- 
ca ;  and  proved  that  a  rock  may  be  so  much  disguised,  Jhat  the  identity 
of  the  stratum  can  only  be  recognized  by  geological  characters,** 

The  Italian  geologists  had  found  in  their  hills,  for  the  most  part, 
the  same  species  of  shells  which  existed  in  their  seas  ;  but  the  Gennan 
and  English  writers,  as  Gesner,'*  Raspc,'*  and  Brander,**  had  perceived 
that  the  fossil-shells  were  either  of  unknown  species,  or  of  such  as 
lived  in  distant  latitudes.  To  decide  that  the  animals  and  plants,  of 
which  we  find  the  remains  in  a  fossil  state,  were  of  species  now  ex- 
tinct, obviously  required  an  exact  and  extensive  knowledge  of  natural 
history.  And  if  this  were  so,  to  assign  the  relations  of  the  past  to 
the  existing  tribes  of  beings,  and  the  peculiarities  of  their  vital  processes 
and  habits,  were  tasks  which  could  not  be  performed  without  the  most 
consummate  physiological  skill  and  talent.  Such  tasks,  however,  have 
been  the  familiar  employments  of  geologist**,  and  naturalists  incited  and 


"  Brit.  AflBoa  1832.     Conybeare,  p.  373.       "  Htmboldt,  Gits.  dL  /2L  pi  3S» 

"  Hist  Nat.  det  Crustaces  Fossiles,  pp.  57,  62. 

*  Humboldt,  Gisi.  d,  R,  ^.  46. 

"Lyell,L70.  «Ib.74.  "Ib.76w 
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appealed  to  by  geologists,  ever  since  Oairier  published  his  examination 
of  the  fossil  inhabitants  of  tb  e  Paris  basin.  Without  attempting  a  histo- 
ry of  such  labors,  I  may  notice  a  few  circumstances  connected  with  them. 

Sect,  4. — Advances  in  Paleontology, — Cuvier, 

So  long  as  the  organic  fossils  which  were  found  in  the  strata  of  the 
earth  were  the  remains  of  marine  animals,  it  was  very  diflBcult  for 
geologists  to  be  assured  that  the  animals  were  such  as  did  not  exist  in 
any  part  or  clime  of  the  existing  ocean.  But  when  large  land  and 
met  animals  were  discovered,  different  from  any  known  species,  the 
persuasion  that  they  were  of  extinct  races  was  forced  upon  the  natu- 
ralist Yet  this  opinion  was  not  taken  up  slightly,  nor  acquiesced  in 
without  many  struggles. 

Bones  supposed  to  belong  to  fossil  elephants,  were  some  of  the  first 
with  regard  to  which  this  conclusion  was  established,  Such  remains 
occur  in  vast  numbers  in  the  soil  and  gravel  of  almost  every  part  of 
the  world ;  especially  in  Siberia,  where  they  are  called  the  bones  of 
the  mammoth.  They  had  been  ngticed  by  the  ancients,  as  we  learn 
from  Pliny  ;**  and  had  bpen  ascribed  to  human  giants,  to  elephants 
imported  by  the  Romans,  and  to  many  other  origins.  But  in  1796, 
Cavier  had  examined  these  opinions  with  a  more  profound  knowledge 
than  his  predecessors ;  and  he  thus  stated  the  result  of  his  researches.'* 
**  With  regard  to  what  have  been  called  the  fossil  remains  of  elephants, 
from  Tentzelius  to  Pallas,  I  believe  that  I  am  in  the  condition  to 
prove,  that  they  belong  to  animals  which  were  very  clearly  different 
in  species  from  our  existing  elephants,  although  they  resembled  them 
sufficiently  to  be  considered  as  belonging  to  the  same  genera."  He  had 
founded  this  conclusion  principally  on  the  structure  of  the  teeth,  which 
he  found  to  differ  in  the  Asiatic  and  African  elephant ;  while,  in  the 
fossil  animal,  it  was  different  from  both.  But  he  also  reasoned  in  part 
on  the  form  of  the  skull,  of  which  the  best-known  example  had  been 
described  in  the  Philosophical  Transactions  as  early  as  llSlV  "  As 
soon,''  says  Cuvier,  at  a  later  period,  "  as  I  became  acquainted  with 
Messerschmidt's  drawing,  and  joined  to  the  differences  which  it  pre- 
sented, those  which  I  had  myself  observed  in  the  inferior  jaw  and  the 


»•  Hist.  Nat,  lib.  xxxvi.  18.  *  Mem.  Inst.  Math.  etPhys.  torn,  il  p.  4. 

■•  Described  by  Breyne  from  a  specimen  fomid  in  Siberia  by  MeeBerschmidt 
in  1722.     Phil  Trans,  xl.  446. 
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molar  teeth,  I  no  longer  doubted  that  the  fossil  elephants  were  of  % 
species  different  from  the  Indian  elephant  This  idea,  which  I  an- 
nounced to  the  Institute  in  the  month  of  January,  1*796,  opened  tome 
views  entirely  new  respecting  the  theory  of  the  earth  ;  and  detenniDed 
mo  to  devote  myself  to  the  long  researches  and  to  the  aasidooos 
labors  which  have  now  occupied  me  for  twenty-five  years."^ 

We  have  here,  then,  the  starting-point  of  those  researches  concern- 
ing extinct  animals,  which,  ever  since  that  time,  have  attracted  solaige 
a  share  of  notice  from  geologists  and  from  the  world.  Cuvier  could 
hardly  have  anticipated  the  vast  storehouse  of  materials  which  Isj 
under  his  feet,  ready  to  supply  him  occupation  of  the  most  intense 
interest  in  the  career  on  which  he  had  thus  entered.  The  examination 
of  the  strata  on  which  Paris  stands,  and  of  which  its  buildings  consist^ 
supplied  him  with  animals,  not  only  different  from  existing  ones,  bat 
some  of  them  of  great  size  and  curious  peculiarities.  A  careful  exami- 
nation of  the  remains  which  these  strata  contain  was  undertaken  soon 
after  the  period  we  have  referred  to.  In  1802,  Defrancc  had  collected 
several  hundreds  of  undescribed  species  of  shells ;  and  Lamarck"  b^ 
a  series  of  Memoirs  upon  tlicm ;  remodelling  the  whole  of  Conchologr, 
in  order  that  they  might  be  included  in  its  classifications.  And  two 
years  afterwards  (1804)  appears  the  first  of  Cuvicr's  grand  series  of 
Memoirs  containing  the  restoration  of  the  vertebrate  animals  of  these 
strata.  In  this  vast  natural  museum,  and  in  contributions  from  other 
parts  of  the  globe,  he  discovered  the  most  extraordinary  creatures:— 
the  Paloeothcrium,"  which  is  intermediate  between  the  horse  and  the 
pig ;  the  Anoplotlicrium,  which  stands  nearest  to  the  rhinoceros  and 
the  tapir  ;  the  Megalonix  and  Megatherium,  animals  of  the  sloth  tribe, 
but  of  the  size  of  the  ox  and  the  rhinoceros.  The  Memoirs  which 
contained  these  and  many  other  discoveries,  set  the  naturalists  to  work 
in  every  part  of  Europe. 

Another  very  curious  class  of  animals  was  brought  to  light  princi 
pally  by  the  geologists  of  England;  animals  of  which  the  bones,  foiind 
in  the  lias  stratum,  were  at  fii*st  supposed  to  be  those  of  crocodiles. 
But  in  1810,*"  Sir  Everard  Home  says,  "In  truth,  on  a  consideration 
of  this  skeleton,  we  cannot  but  be  inclined  to  believe,  that  among  the 
animals  destroyed  by  the  catastrophes  of  remote  antiquity,  there  had 


''  OssemcHM  FossiUs,  second  edit.  I  178. 

"  Annalcs  du  Mtueum  cTIlist.  Nat  torn.  i.  p.  808,  and  the  following  yolrnne^ 

"  Daubuiflson,  ii.  411.  *  Phil  Tram.  1816,  p.  20. 
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been  some  at  least  that  differ  so  entirely  in  their  stmctare  fi  ym  any 
which  now  exist  as  to  make  it  impossible  to  arrange  their  fossil  remains 
with  any  known  class  of  animals."  The  animal  thus  referred  to,  being 
clearly  intermediate  between  fishes  and  lizards,  was  named  by  Mr. 
Eonig,  Ichthyosaurus ;  and  its  structure  and  constitution  were  more 
precisely  determined  by  Mr.  Conybeare  in  1821,  when  he  had  occasion 
to  compare  with  it  another  extinct  animal  of  which  he  and  Mr.  de  la 
Beche  had  collected  the  remains.  This  animal,  still  more  nearly  ap- 
proaching the  lizard  tribe,  was  by  Mr.  Conybeare  called  Flesiosaurus*^ 
Of  each  of  these  two  genera  several  species  were  afterwards  found. 

Before  this  time,  the  differences  of  the  races  of  animals  and  plants 
belonging  to  the  past  and  the  present  periods  of  the  earth's  history,  had 
become  a  leading  subject  of  speculation  among  geological  naturalists. 
The  science  produced  by  this  study  of  the  natural  history  of  former 
states  of  the  earth  has  been  termed  Palceontology  ;  and  there  is  no 
branch  of  human  knowledge  more  fitted  to  stir  men^s  wonder,  or  to 
excite  them  to  the  widest  physiological  speculations.  But  in  the 
present  part  of  our  history  this  science  requires  our  notice,  only  so  far 
as  it  aims  at  the  restoration  of  the  types  of  ancient  animals,  on  clear 
and  undoubted  principles  of  comparative  anatomy.  To  show  how 
extensive  and  how  conclusive  is  the  science  when  thus  directed,  we 
need  only  refer  to  Cuvier's  Ossemens  Fossilcs  ;"  a  work  of  vast  labor 
and  profound  knowledge,  which  has  opened  wide  the  doors  of  this  part 
of  geology.  I  do  not  here  attempt  even  to  mention  the  labors  of  the 
many  other  eminent  contributors  to  Palajontology ;  as  Brocchi,  Des 
Hayes,  Sowerby,  Goldfuss,  Agassiz,  who  have  employed  themselves  on 
animals,  and  Schlotthcim,  Brongniart,  Hutton,  Lindley,  on  plants. 

[2nd  Ed.]  [Among  the  many  valuable  contributions  to  Palaeonto- 
logy in  more  recent  times,  I  may  especially  mention  Mr.  Owen's  Reports 
on  British  Fossil  Reptiles,  on  British  Fossil  Mammalia^  and  on  the 
Extinct  Animals  of  Australia,  with  descriptions  of  certain  Fossils  indi- 
cative of  large  Marsupial  Pachydermata :  and  M.  Agassiz's  Report  on 
the  Fossil  Fishes  of  the  Devonian  System,  his  Synoptical  Table  of 
British  Fossil  Fishes,  and  his  Report  on  the  Fishes  of  the  London  Clay. 
All  these  are  contained  in  the  volumes  produced  by  th6  British  Asso- 
ciation from  1839  to  1845. 


■*  Oeal,  Trans.  voL  v. 

"  The  first  edition  appeared  in  1812,  consisting  principally  of  the  Memoira 
to  which  reference  has  already  been  made. 
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A  new  and  most  important  instrament  of  palseontological  inrestigi 
tion  has  been  put  in  the  geologist's  hand  by  Prof.  Owen's  discoTeiTi 
that  the  internal  structure  of  teeth,  as  disclosed  by  the  microsoope,  ist 
means  of  determining  the  kind  of  the  animal.  He  has  carried  into 
every  part  of  the  animal  kingdom  an  examination  founded  upon  this 
discovery,  and  has  published  the  results  of  this  in  his  Odontographj, 
As  an  example  of  the  application  of  this  character  of  animals,  I  may 
mention  that  a  tooth  brought  from  Riga  by  Sir  R.  Murchison  was  in 
this  way  ascertained  by  Mr.  Owen  to  belong  to  a  fish  of  the  genus 
Dendrodus,     {Geology  of  Bussioj  i.  67.)] 

When  it  had  thus  been  established,  that  the  strata  of  the  earth  are 
characterized  by  innumerable  remains  of  the  organized  beings  which 
formerly  inhabited  it,  and  that  anatomical  and  physiological  coosodera- 
tions  must  be  carefully  and  skilfully  applied  in  order  rightly  to  inter- 
pret these  characters,  the  geologist  and  the  palaeontologist  obviously 
had,  brought  before  them,  many  very  wide  and  striking  questions.  Of 
these  wc  may  give  some  instances ;  but,  in  the  first  place,  we  may  add 
a  few  words  concerning  those  eminent  philosophers  to  whom  the 
science  owed  the  basis  on  which  succeeding  speculations  were  to  be 
built. 

Sect,  5. — Intellectual  Characters  of  the  Founders  of  Systematic 
Descrijytlve  Geology, 

It  would  be  in  accordance  with  the  course  we  have  pursued  in  treating 
of  other  subjects,  that  we  should  attempt  to  point  out  in  the  founders 
of  the  science  now  under  consideration,  those  intellectual  qualities  and 
habits  to  which  we  ascribe  tlicir  success.  The  very  recent  date  of  the 
generalizations  of  geolog}-,  which  has  hardly  allowed  us  time  to  distin- 
guish the  calm  expression  of  the  opinion  of  the  wisest  judges,  might, 
in  this  instance,  relieve  us  from  such  a  duty ;  but  since  our  plan 
appears  to  suggest  it,  wc  will,  at  least,  endeavor  to  mark  the  characters 
of  the  founders  of  geology,  by  a  few  of  their  prominent  lines. 

The  three  persons  who  must  be  looked  upon  as  the  main  authors 
of  geological  classification  are,  Werner,  Smith,  and  Cuvier.  These 
three  men  were  of  very  different  mental  constitution;  and  it  will, 
perhaps,  not  be  difficult  to  compare  them,  in  reference  to  those  qua- 
lities which  we  have  all  along  represented  as  the  main  features  of  the 
discoverer's  genius,  clearness  of  ideas,  the  possession  of  numerous 
(iicts,  and  the  power  of  bringing  these  two  elements  into  contact. 
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In  the  German,  considering  him  as  a  geologist^  the  ideal  elepent 
predominated.  That  Werner's  powers  of  external  discrimination 
were  extremely  acute,  we  have  seen  in  speaking  of  him  as  a  mineralo 
gist ;  and  his  talent  and  tendency  for  classifying  were,  in  his  mine- 
ralogical  studies,  fully  fed  by  an  abundant  store  of  observation ;  but 
when  he  came  to  apply  this  methodizing  power  to  geology,  the  love 
of  system,  so  fostered,  appears  to  have  been  too  strong  for  the  collec- 
tion of  facts  he  had  to  deal  with.  As  we  have  already  said,  he  pro- 
mulgated, as  representing  the  world,  a  scheme  collected  from  a 
province,  and  even  too  hastily  gathered  from  that  narrow  field.  Yet 
his  intense  spirit  of  method  in  some  measure  compensated  for  other 
deficiencies,  and  enabled  him  to  give  the  character  of  a  science  to 
what  had  been  before  a  collection  of  miscellaneous  phenomena.  The 
ardor  of  system-making  produced  a  sort  of  fusion,  which,  however 
snperficial,  served  to  bind  together  the  mass  of  incoherent  and  mixed 
materials,  and  thus  to  form,  though  by  strange  and  anomalous  means, 
a  structure  of  no  small  strength  and  durability,  like  the  ancient  vitri- 
fied structures  which  we  find  in  some  of  our  mountain  regions. 

Of  a  very  different  temper  and  character  was  William  Smith.  No 
literary  cultivation  of  his  youth  awoke  in  him  the  speculative  love  of 
symmetry  and  system ;  but  a  singular  clearness  and  precision  of  the 
classifying  power,  which  he  possessed  as  a  native  talent,  was  exercised 
and  developed  by  exactly  those  geological  facts  among  which  his 
philosophical  task  lay.  Some  of  the  advances  which  he  made,  had, 
as  we  have  seen,  been  at  least  entered  upon  by  others  who  preceded 
him  :  but  of  all  this  he  was  ignorant;  and,  perhaps,  went  on  more 
steadily  and  eagerly  to  work  out  his  own  ideas,  from  the  persuasion 
that  they  were  entirely  his  own.  At  a  later  period  of  his  life,. he  him- 
self published  an  account  of  the  views  which  had  animated  him  in  his 
earlier  progress.  In  this  account  he  dates  his  attempts  to  discrimi- 
nate and  connect  strata  from  the  year  1790,  at  which  time  he  was 
twenty  years  old.  In  1792,  he  "had  considered  how  he  could  best 
represent  the  order  of  superposition — continuity  of  course — and 
general  eastern  declination  of  the  strata."  Soon  after,  doubts  which 
had  arisen  were  removed  by  the  "  discovery  of  a  mode  of  identifying 
the  strata  by  the  organized  fossils  respectively  imbedded  therein." 
And  "  thus  stored  with  ideas,"  as  he  expresses  himself,  he  began  to 
cjommunicate  them  to  his  friends.     In  all  this,  we  sec  great  vividness 


Phil.  Mag.  1833,  vol.  i.  p.  38. 
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of  thought  and  activity  of  mind,  unfolding  itself  exactly  in  proportion 
to  the  facts  with  which  it  had  to  deal.  We  are  reminded  of  tint 
Cyclopean  architecture  in  which  each  stone,  as  it  occurs,  is,  with 
wonderful  ingenuity,  and  with  the  least  possible  alteration  of  its  fonn, 
shaped  so  as  to  fit  its  place  in  a  solid  and  lasting  edifice. 

Different  yet  again  was  the  character  (as  a  geological  discoverer) 
of  the  great  naturalist  of  the  beginning  of  the  nineteenth  centuiy.  Id 
that  part  of  his  labors  of  which  we  have  now  to  speak,  Ouviei's 
dominant  ideas  were  rather  physiological  than  geological.  In  his 
views  of  past  physical  changes,  he  did  not  seek  to  include  any  ranges 
of  facts  which  lay  much  beyond  the  narrow  field  of  the  Paris  basin. 
But  his  sagacity  in  applying  his  own  great  principle  of  the  Conditions 
of  Existence,  gave  him  a  peculiar  and  unparalleled  power  in  inter- 
preting the  most  imperfect  fossil  records  of  extinct  anatomy.  In  the 
constitution  of  his  mind,  all  philosophical  endowments  were  so 
admirably  developed  and  disciplined,  that  it  was  difiScult  to  say, 
whether  more  of  his  power  was  due  to  genius  or  to  culture.  The 
talent  of  classifying  which  he  exercised  in  gcolog}',  was  the  result  of 
the  most  complete  knowledge  and  skill  in  zoology  ;  while  his  views 
concerning  the  revolutions  which  had  taken  place  in  the  organic  and 
inorganic  world,  were  in  no  small  degree  aided  by  an  extraordinary 
command  of  historical  and  other  literature.  His  guiding  ideas  had 
been  formed,  his  facts  had  been  studied,  by  the  assistance  of  all  the 
sciences  which  could  be  made  to  bear  upon  them.  In  his  geological 
labors  we  seem  to  see  some  beautiful  temple,  not  only  firm  and  fair  in 
itself,  but  decorated  with  sculpture  and  painting,  and  rich  in  all  that 
art  and  labor,  memory  and  imagination,  can  contribute  to  its  beauty. 

[2nd  Ed.]  [Sir  Charles  LycU  (B.  i.  c.  iv.)  has  quoted  with  approval 
what  I  have  elsewhere  said,  that  the  advancement  of  three  of  the 
main  divisions  of  geology  in  the  beginning  of  the  present  century  was 
promoted  principally  by  the  three  great  nations  of  Europe, — the  Ger- 
man, the  English,  and  the  French  : — Mineralogical  Geology  by  the 
German  school  of  Werner : — Secondary  Geology  by  Smith  and  his 
English  successors; — Tertiary  Geology  by  Cuvier  and  his  fellow-la- 
borers in  France.] 
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CHAPTER  m. 
Sbqubl  to  thb  Formation  of  Systematic  Dsscriptiys  Gsoloot. 


Sect,  1. — Reception  and  Diffusion  of  Systematic  Geology, 

r'  our  nearness  to  the  time  of  the  discoveries  to  which  we  have  just 
referred,  embarrasses  us  in  speaking  of  their  authors,  it  makes  it 
still  more  diflBcult  to  narrate  the  reception  with  which  these  discove- 
ries met  Yet  here  we  may  notice  a  few  facts  which  may  not  be 
without  their  interest. 

The  impression  which  Werner  made  upon  his  hearers  was  very 
strong ;  and,  as  we  have  already  said,  disciples  were  gathered  to  his 
school  from  every  country,  and  then  went  forward  into  all  parts  of  the 
world,  animated  by  the  views  which  they  had  caught  from  him.  We 
may  say  of  him,  as  has  been  so  wisely  said  of  a  philosopher  of  a  very 
different  kind,*  "  He  owed  his  influence  to  various  causes ;  at  the  head 
of  which  may  be  placed  that  genius  for  system,  which,  though  it 
cramps  the  growth  of  knowledge,  perhaps  finally  atones  for  that  mis- 
chief by  the  zeal  and  activity  which  it  rouses  among  followers  and 
opponents,  who  disco^^er  truth  by  accident,  when  in  pursuit  of  weapons 
for  their  warfare."  The  list  of  Werner's  pupils  for  a  considerable 
period  included  most  of  the  principal  geologists  of  Europe  ;  Frcisleben, 
Mobs,  Esmark,  d'Andrada,  Raumer,  Engelhart,  Charpentier,  Brocchi. 
Alexander  von  Humboldt  and  Leopold  von  Buch  went  forth  from  his 
school  to  observe  America  and  Siberia,  the  Isles  of  the  Atlantic,  and 
the  coast  of  Norway.  Professor  Jameson  established  at  Edinburgh  a 
Wernerian  Society  ;  and  his  lecture-room  became  a  second  centre  of 
Wernerian  doctrines,  whence  proceeded  many  zealous  geological  ob- 
servers ;  among  these  we  may  mention  as  one  of  the  most  distinguish- 
ed, M.  Ami  Boue,  though,  like  several  others,  he  soon  cast  away  the 
peculiar  opinions  of  the  Wernerian  school.  The  classifications  of 
this  school  were,  however,  diffused  over  the  civilized  world  wit'i  ex* 


*  Mackintosh  on  ffobbes.  Dissert  p.  177. 
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large  physiological  as  well  as  physical  principles,  which  added  incom- 
parably to  its  dignity  and  charm. 

In  tracing  the  reception  and  diffusion  of  doctrines  such  as  those  of 
Smith  and  Cuvier,  we  ought  not  to  omit  to  notice  more  especially  the 
formation  and  history  of  the  Geological  Society  of  London,  just  men- 
tioned. It  was  established  in  1807,  with  a  view  to  multiply  and 
record  observations,  and  patiently  to  await  the  result  of  some  future 
period ;  that  is,  its  founders  resolved  to  apply  themselves  to  Descrip- 
tive Geology,  thinking  the  time  not  come  for  that  theoretical  geology 
which  had  then  long  fired  the  controversial  ardor  of  Neptunists  and 
Platonists.  The  first  volume  of  the  Ti*ansactions  of  this  society  was 
published  in  1811.  The  greater  part  of  the  contents  of  this  volume ' 
savor  of  the  notions  of  the  Wernerian  school ;  and  there  are  papers 
on  some  of  the  districts  in  England  most  rich  in  fossils,  which  Mr. 
Conybeare  says,  well  exhibit  the  low  state  of  secondary  geology  at 
that  period.  But  a  paper  by  Mr.  Parkinson  refers  to  the  discoveries 
both  of  Smith  and  of  Cuvier ;  and  in  the  next  volume,  Mr.  Webster 
gives  an  account  of  the  Isle  of  Wight,  following  the  admirable  model 
of  Cuvier  and  Brongniart's  account  of  the  Paris  basin.  "  If  we  com- 
pare this  memoir  of  Mr.  Webster  with  the  preceding  one  of  Dr. 
Berger  (also  of  the  Isle  of  Wight),  they  at  once  show  themselves  to 
belong  to  two  very  distinct  eras  of  science  ;  and  it  is  diflBcult  to 
believe  that  the  interval  which  elapsed  between  their  respective  pubU- 
o^tion  was  only  three  or  four  years.'" 

Among  the  events  belonging  to  the  diffusion  of  sound  geological 
views  in  this  countr}^  we  may  notice  the  publication  of  a  little  volume 
entitled,  The  Geology  of  England  and  Wales,  by  Mr.  Conybeare  and 
Mr.  Phillips,  in  1821 ;  an  event  far  more  important  than,  from  the 
modest  form  and  character  of  the  work,  it  might  at  first  sight  appear. 
By  describing  in  detail  the  geological  structure  and  circumstances  of 
England  (at  least  as  far  downwards  as  the  coal),  it  enabled  a  very 
wide  class  of  readers  to  understand  and  verify  the  classifications  which 
geology  had  then  very  recently  established ;  while  the  extensive  know- 
ledge and  philosophical  spirit  of  Mr.  Conybeare  rendered  it,  under  the 
guise  of  a  topographical  enumeration,  in  reality  a  profound  and  in- 
structive scientific  treatise.  The  vast  impulse  which  it  gave  to  the 
study  of  sound  descriptive  geology  was  felt  and  acknowledged  in  other 
countries,  as  well  as  in  Britain. 


•  Conybeare,  Report,  Brit.  Attoc.  p.  372.         *  Conybeare,  Riport,  p.  872. 


SEQUEL   TO   SYSTEMATIC   GEOLOGY.  527 

correction  and  oontiniiation  of  Sniiili's  labors,  but  a  valuable  store- 
house and  standard  of  what  had  then  been  done  in  English  geology. 
Leopold  von  Buch  had  constructed  a  geological  map  of  a  large  por- 
tion of  Germany,  about  the  same  period ;  but,  aware  of  the  diflSculty 
of  the  task  he  had  thus  attempted,  he  still  forbore  to  publish  it.     At 
a  later  period,  and  as  materials  accumulated,  more  detailed  maps  of 
parts  of  Germany  were   produced  by  Hoflfmann  and  others.    The 
French  government  entrusted   to  a  distinguished  Professor  of  the 
School  of  Mines  (M.  Brochant  de  Villiers),  the  task  of  constructing  a 
map  of  France  on  the  model  of  Mr.  Greenough's ;  associating  with 
him  two  younger  persons,  selected  for  their  energy  and  talents,  MM. 
Beaamont  and  Dufrenoy.    We  shall  have  occasion  hereafter  to  speak 
of  the  execution  of  this  survey.     By  various  persons,  geological  maps 
of  almost  every  country  and  province  of  Europe,  and  of  many  parts  of 
Asia  and  America,  have  been  published.    I  need  not  enumerate  these, 
but  I  may  refer  to  the  account  given  of  them  by  Mr.  Conybeare,  in 
the  jReports  of  the  British  Association  for  1832,  p.  384.     These  vari- 
ons  essays  may  be  considered  as  contributions,  though  hitherto  un- 
doubtedly very  imperfect  ones,  to  that  at  which  Descriptive  Geology 
oaght  to  aim,  and  which  is  requisite  as  a  foundation  for  sound  the- 
ory ; — a  complete  geological  survey  of  the  whole  earth.    But  we 
mast  say  a  few  words  respecting  the  language  in  which  such  a  survey 
must  be  written. 

As  we  have  already  said,  that  condition  which  made  such  maps  and 

the  accompanying  descriptions  possible,  was  that  the  strata  and  their 

contents  had  previously  undergone  classification  and  arrangement  at 

the  hands  of  the  fathers  of  geology.     Classification,  in  this  as  in  other 

cases,  implied  names  which  should  give  to  the  classes  distinctness  and 

permanence ;  and  when  the  series  of  strata  belonging  to  one  country 

were  referred  to  in  the  description  of  another,  in  which  they  appeared, 

as  was  usually  the  case,  under  an  aspect  at  least  somewhat  different, 

the  supposed  identification  required  a  peculiar  study  of  each  case ;  and 

thus  Geology  had  arrived  at  the  point,  which  we  have  before  had  to 

notice  as  one  of  the  stages  of  the  progress  of  Classificatory  Botany, 

at  which  a  technical  nomenclature  and  a  well-understood  synonymy 

were  essential  parts  of  the  science. 

Sect,  3. — Oeological  Nomenclature, 
-Br  Nomenclature  we  mean  a  system  of  names ;  and  hence  we  can- 
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ice  those  descriptive  names  only  have  betn  really  useful  in  geology 
ch  had  been  used  without  any  scrupulous  regard  to  the  appropri- 
less  of  the  description.  The  Green  Sand  may  be  white,  brown,  or 
;  the  Mountain  Limestone  may  occur  only  in  valleys ;  the  Oolite 
r  have  no  roe-like  structure ;  and  yet  these  may  be  excellent  geo- 
cal  names,  if  they  be  applied  to  formations  geologically  identical 

I  those  which  the  phrases  originally  designated.  The  signification 
r  assist  the  memory,  but  must  not  be  allowed  to  subjugate  the 
Ity  of  natural  classification. 

Tie  terms  which  have  been  formed  by  geologists  in  recent  times 
e  been  drawn  from  sources  similar  to  those  of  the  older  ones,  and 
have  their  fortune  determined  by  the  same  conditions.    Thus  Mr. 

II  has  given  to  the  divisions  of  the  tertiary  strata  the  appellationp 
iocene^  Meiocene,  Eocene^  accordingly  as  they  contain  a  majority  of 
tnt  species  of  shells,  a  minority  of  such  species,  or  a  small  propor- 

of  living  species,  which  may  be  looked  upon  as  indicating  the 
•/»  of  the  existing  state  of  the  animate  creation.  But  in  this  case, 
fisely  treats  his  distinctions,  not  as  definitions,  but  as  the  marks  of 
iral  groups.  "  The  plurality  of  species  indicated  by  the  name  j^/eto- 
,  must  not,"  he  says,*  "  be  understood  to  imply  an  absolute  majority 
ecent  fossil  shells  in  all  cases,  but  a  comparative  preponderance 
irever  the  pleiocene  are  contrasted  with  strata  of  the  period  immc- 
ely  preceding." 

[r.  Lyell  might  have  added,  that  no  precise  percentage  of  recent 
ies,  nor  any  numerical  criterion  whatever,  can  be  allowed  to  over- 
r  the  closer  natural  relations  of  strata,  proved  by  evidence  of  a 
jrior  kind,  if  such  can  be  found.  And  this  would  be  the  proper 
ver  to  the  objection  made  by  De  la  Beche  to  these  names ;  namely, 
;  it  may  happen  that  the  meiocene  rocks  of  one  country  may  be  of 
same  date  as  the  pleiocene  of  another ;  the  same  formation  having 
)ne  place  a  majority,  in  another  a  minority,  of  existing  species, 
are  not  to  run  into  this  incongruity,  for  we  are  not  so  to  apply  the 
les.  The  formation  which  has  been  called  pleiocene,  must  continue 
e  so  called,  even  where  the  majority  of  recent  species  fails ;  and  all 
i&  that  agree  with  that  in  date,  without  further  reference  to  the 
lerical  relations  of  their  fossils,  must  also  share  in  the  name, 
'o  invent  good  names  for  these  large  divisions  of  the  series  of  strata 
idecd  extremely  diflBcult.    The  term  Oolite  is  an  instance  in  which 


*  Oeol.  iii.  892. 
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fleeL  4. — Geological  Synonymy ^  or  DeUrminaHon  of  Geological  Equi- 
valents, 

l9  vill  easily  be  supposed  that  with  so  matiy  different  sources  of  names 
as  we  hssft  mentioned,  the  same  stratum  may  be  called  by  different 
designations ;  and  thus  a  sjmonymy  may  be  necessary  for  geology ;  as 
it  was  for  botany  in  the  time  of  Bauhin,  when  the  same  plants  had 
been  spoken  of  by  so  many  different  appellations  in  different  authors. 
But  in  reality,  the  synonymy  of  geology  is  a  still  more  important  part 
of  the  subject  than  the  analogy  of  botany  would  lead  us  to  suppose. 
For  in  plants,  the  species  are  really  fixed,  and  easily  known  when 
seen ;  and  the  ambiguity  is  only  in  the  imperfect  communication  or 
confused  ideas  of  the  observers.  But  in  geology,  tlie  identity  of  a 
stratum  or  formation  in  different  places,  though  not  an  arbitrary,  may 
be  a  very  doubtful  matter,  even  to  him  who  has  seen  and  examined. 
To  assign  its  right  character  and  place  to  a  stratum  in  a  new  country, 
is,  in  a  g^at  degree,  to  establish  the  whole  geological  history  of  the 
ooontry.  To  assume  that  the  same  names  may  rightly  be  applied  to 
the  strata  of  different  countries,  is  to  take  for  granted,  not  indeed  the 
Wemerian  dogma  of  universal  formations,  but  a  considerable  degree 
of  generality  and  uniformity  in  the  known  fbrmations.  And  how  far 
this  generality  and  uniformity  prevail,  observation  alone  can  teach. 
The  search  for  geological  synonyms  in  different  countries  brings  before 
08  two  questions ; — first,  are  there  such  synonyms  ?  and  only  in  the 
second  place,  and  as  far  as  they  occur,  what  are  they  ? 

In  fact,  it  is  found  that  although  formations  which  must  be  consi- 
dered as  geologically  identical  (because  otherwise  no  classification  is 
possible,)  do  extend  over  large  regions,  and  pass  from  country  to 
country,  their  identity  includes  certain  modifications ;  and  the  deter- 
mination of  the  identity  and  of  the  modifications  are  inseparably 
involved  with  each  other,  and  almost  necessarily  entangled  with  theo- 
retical considerations.  And  in  two  countries,  in  which  we  find  this 
modified  coincidence,  instead  of  saying  that  the  strata  are  identical, 
and  that  their  designations  are  synonyms,  we  may,  with  mere  proprie- 
ty, consider  them  as  two  corresponding  series ;  of  which  the  members 
of  the  one  may  be  treated  as  the  Representatives  or  Equivalents  of 
the  members  of  the  other. 

This  doctrine  of  Representatives  or  Equivalents  supposes  that  the 
geological  phenomena  in  the  two  countries  have  been  the  results  of 
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arose  between  M.  Elie  de  Beaumont  and  M.  Voltz,*  the  fonner  con- 
sidering the  Ores  de  Vosges  as  the  equivalent  of  the  Rothe  todte 
liegendtf  which  occurs  beneath  the  Zechstein,  while  M.  Voltz  held 
that  it  was  the  lower  portion  of  the  Red  or  Variegated  Sandstone 
which  rests  on  the  Zechstein. 

In  the  same  manner,  from  the  first  promulgation  of  the  Wemerian 
system,  attempts  were  made  to  identify  the  English  with  the  German 
members  of  the  geological  alphabet ;  but  it  was  long  before  this 
alphabet  was  rightly  read.  Thus  the  English  geologists  who  first  tried 
to  apply  the  Wemerian  series  to  this  country,  conceived  the  Old  and 
New  Red  Sandstone  of  England  to  be  the  same  with  the  Old  and 
New  Red  Sandstone  of  Werner;  whereas  Werner's  Old  Red,  the 
Rothe  todte  liegende,  is  above  the  coal,  while  the  English  Old  Red  is 
below  it  This  mistake  led  to  a  further  erroneous  identification  of 
our  Mountain  Limestone  with  Werner's  First  Flotz  Limestone ;  and 
caused  an  almost  inextricable  confusion,  which,  even  at  a  recent 
period,  has  perplexed  the  views  of  Gcrmah  geologists  respecting  this 
country.  Again,  the  Lias  of  England  was,  at  first,  supposed  to  be  the 
equivalent  of  the  Muschelkalk  of  Germany.  But  the  error  of  this 
identification  was  brought  into  view  by  examinations  and  discussions 
in  which  MM.  (Eyenhausen  and  Dechen  took  the  lead ;  and  at  a  later 
period,  Professor  Sedgwick,  by  a  laborious  examination  of  the  strata 
of  England,  was  enabled  to  show  the  true  relation  of  this  part  of 
the  geology  of  the  two  countries.  According  to  him,  the  New  Red 
Sandstone  of  England,  considered  as  one  great  complex  formation, 
may  be  divided  into  seven  members,  composed  of  sandstones,  lime- 
stones, and  marls ;  five  of  which  represent  respectively  the  Rothe  todte 
liegende  ;  the  Kupfer  schie/er  ;  the  Zechstein^  (with  the  Rauchwack6, 
Asche,  and  Stinkstein  of  the  Thuringenwald ;)  the  Bunter  sandstein  ; 
and  the  Keuper  :  while  the  Muschelkalk^  which  lies  between  the  two 
last  members  of  the  German  list,  has  not  yet  been  discovered  in  our 
geological  series.  **  Such  a  coincidence,"  he  observes,'  "  in  the  sub- 
divisions of  two  distant  mechanical  deposits,  even  upon  the  supposi- 
tion of  their  being  strictly  contemporaneous,  is  truly  astonishing.  It 
has  not  been  assumed  hypothetically,  but  is  the  fair  result  of  the  facts 
which  are  recorded  in  this  paper." 

As  an  example  in  which  the  study  of  geological  equivalents  becomes 
still  more  difficult,  we  may  notice  the  attempts  to  refer  the  strata  of 


•  De  la  Beche,  Manital,  881.  *  Geol.  Trans.  Second  Series,  ill  121. 
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tho  Alps  to  those  of  the  north-west  of  Europe.  The  dark-cokmd 
marbles  and  schists  resembling  mica  slate'*  were,  daring  the  prefft- 
lence  of  the  Wemerian  theory,  referred,  as  was  natural,  to  the  tnuMB- 
tion  class.  The  striking  physical  characters  of  this  mountain  r^poD, 
and  its  long-standing  celebrity  as  a  subject  of  mineralogical  examina- 
tion, made  a  complete  subversion  of  the  received  opinion  respecting 
its  place  in  the  geological  series,  an  event  of  great  importance  in  the 
history  of  tho  science.  Yet  this  was  what  occurred  when  Dr.  Buck- 
land,  in  1820,  threw  his  piercing  glance  upon  this  district  Heimm^ 
diately  pointed  out  that  these  masses,  by  their  fossils,  approach  to  the 
Oolitic  Series  of  this  country.  From  this  view  it  followed,  that  the 
geological  equivalents  of  that  series  were  to  be  found  among  reels  in 
which  the  mineralogical  characters  were  altogether  different^  and  that 
the  loose  limestones  of  England  represent  some  of  Uie  L<ghly-compict 
and  crystalline  marbles  of  Italy  and  Greece.  This  view  was  confirmed 
by  subsequent  investigations ;  and  the  con*espondence  was  traced,  sot 
only  in  the  general  body  of  the  formations,  but  in  the  occurrence  of 
the  Red  Marl  at  its  bottom,  and  the  Green  Sand  and  Chalk  at  its 
top. 

The  talents  and  the  knowledge  which  such  tasks  require  are  of  no  or- 
dinary kind  ;  nor,  even  with  a  consummate  acquaintance  with  the  wdl- 
ascertained  formations,  can  the  place  of  problematical  strata  be  decided 
without  immense  labor.  Thus  the  examination  and  delineation  of 
hundreds  of  shells  by  the  most  skilful  conchologists,  has  been  thought 
necessary  in  order  to  detennine  whether  the  calcareous  beds  of  Maes- 
tricht  and  of  Gosau  are  or  are  not  intermediate,  as  to  their  oi^anic 
contents,  between  the  chalk  and  the  tertiary  formations.  And  scarcely 
any  point  of  geological  classification  can  be  settled  without  a  similar 
union  of  the  accomplLshed  naturalist  with  the  laborious  geological 
collector. 

It  follows  from  the  views  already  presented,  of  this  pai-t  of  geology, 
that  no  attempt  to  apply  to  distant  countries  the  names  by  which  the 
well-known  European  strata  have  been  described,  can  be  of  any  value, 
if  not  accompanied  by  a  corresponding  attempt  to  show  how  far  the 
European  series  is  really  applicable.  This  must  be  borne  in  mind  in 
estimating  the  import  of  the  geological  accounts  which  have  been 
given  of  various  parts  of  Asia,  Africa,  and  America.  For  instance, 
when  the  carboniferous  group  and  the  new  red  sandstone  are  stated  to 


"  De  la  Beche,  Manual.  S13. 
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be  found  in  India,  wc  require  to  be  assured  that  these  formations  are, 
in  some  way,  the  equivalents  of  their  synonyms  in  countries  better 
explored.  Till  this  is  done,  the  results  of  observation  in  such  places 
would  be  better  conveyed  by  a  nomenclature  implying  only  those  facts 
of  resemblance,  difference,  and  order,  which  have  been  ascertained  in 
the  country  so  described.  We  know  that  serious  errors  were  incurred 
by  the  attempts  made  to  identify  the  Tertiary  strata  of  other  countries 
with  those  first  studied  in  the  Paris  basin.  Fancied  points  of  resem- 
blance, Mr.  Lyell  observes,  were  magnified  into  undue  importance,  and 
essential  differences  in  mineral  character  and  organic  contents  were 
slarred  over. 

[2nd  Ed.]  [The  extension  of  geological  surveys,  the  construction  of 
geological  maps,  and  the  determination  of  the  geological  equivalents 
which  replace  each  other  in  various  countries,  have  been  carried  on  in 
oontinoation  of  the  labors  mentioned  above,  with  enlarged  activity, 
nnge,  and  means.  It  is  estimated  that  one-third  of  the  land  of  each 
hemisphere  has  been  geologically  explored  ;  and  that  thus  Descriptive 
Geology  has  now  been  prosecuted  so  far,  that  it  is  not  likely  that  even 
the  extension  of  it  to  the  whole  globe  would  give  any  material  novelty 
of  ai^>ect  to  Theoretical  Geology.  The  recent  literature  of  the  subject 
it  80  voluminous  that  it  is  impossible  for  me  to  give  any  account  of  it 
here ;  very  imperfectly  acquainted,  as  I  am,  even  with  the  English 
portion,  and  still  more,  with  what  has  been  produced  in  other 
eovntries. 

While  I  admire  the  energetic  and  enlightened  labors  by  which  the 

phSoaophcrs  of  France,  Belgium,  Grcrmany,  Italy,  Russia,  and  America, 

Imvo  promoted  scientific  geology,  I  may  be  allowed  to  rejoice  to  see  in 

the.Tery  phraseology  of  the  subject,  the  evidence  that  English  geolo- 

gjate  have  not  failed  to  contribute  their  share  to  the  latest  advances  in 

the  acience.    The  following  order  of  strata  proceeding  upwards  is  now, 

I  thiok,  recognized  throughout  Europe.    The  Silurian  ;  the  Devonian 

(CHd  Bed  Sandstone ;)  the  Carboniferous  ;  the  Permian^  (Lower  part 

of  the  new  Red  Sandstone  series ;)  the  Trias^  (Upper  three  members 

of  the  New  Red  Sandstone  series ;)  the  Lias  ;  the  Oolite^  (in  which 

*»*  Teckoned  by  M.  D'Orbigny  the  Etages  Baihonien,  Oxonien,  Kim- 

^gien^  and  Portlandien ;)  the  yeocomien,  (Lower  Green  Sand,) 

^■*uJk ;  and  above  these.  Tertiary  and  Supra-Tertiar}'  beds.     Of 

-    he  Silurian,  described  by  Sir  R.  Murchison  from  its  types  in 

Wales,  has  been  traced  by  European  Geologists  through  the 

"HSS,  Senria,  Turkey,  the  shores  of  the  Gulf  of  Finland,  the  valley 
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instead  of  sudden  and  abrupt  Thus  the  coal  measures  in  the  south  of 
England  are  above  the  mountain  limestone ;  and  the  distinction  of  the 
formations  is  of  the  most  marked  kind.  But  as  we  advance  north- 
ward into  the  coal-field  of  Yorkshire  and  Durham,  the  subjacent  lime- 
stone begins  to  be  subdivided  by  thick  masses  of  sandstone  and 
carbonaceous  sti-ata,  and  passes  into  a  complex  deposit,  not  distinguish- 
able from  the  overlying  coal  measures ;  and  in  this  manner  the  transition 
from  the  limestone  to  the  coal  is  made  by  alternation.  Thus,  to  use 
another  expression  of  M.  de  Humboldt's  in  ascending  from  the  lime- 
stone, the  coal,  before  we  quit  the  subjacent  stratum,  preludes  to  its 
fuller  exhibition  in  the  superior  beds. 

Again,  as  to  another  point :  geologists  have  gone  on  up  to  the 
present  time  endeavoring  to  discover  general  laws  and  facts,  with 
regard  to  the  position  of  mountain  and  mineral  masses  upon  the  sur&ce 
of  the  earth.  Thus  M.  Von  Buch,  in  his  physical  description  of  the 
Canaries,  has  given  a  masterly  description  of  the  lines  of  volcanic  action 
and  volcanic  products,  all  over  the  globe.  And,  more  recently,  M. 
Elie  dc  Beaumont  has  offered  some  generalizations  of  a  still  wider  kind. 
In  this  new  doctrine,  those  mountain  ranges,  even  in  distant  parts  of 
the  world,  which  are  of  the  same  age,  according  to  the  classifications 
already  spoken  of,  are  asserted  to  be  parallel*  to  each  other,  while  those 
ranges  which  are  of  different  ages  lie  in  different  directions.  This 
very  wide  and  striking  proposition  may  be  considered  as  being  at 
present  upon  its  trial  among  the  geologists  of  Europe." 

Among  the  organic  phenomena,  also,  which  have  been  the  subject 
of  geological  study,  general  laws  of  a  very  wide  and  comprehensive 
kind  have  been  suggested,  and  in  a  greater  or  less  degree  confirmed 
by  adequate  assemblages  of  facts.  Thus  M.  Adolphe  Brongniart  has 
not  only,  in  his  Fossil  Flora,  represented  and  skilfully  restored  a  vast 
number  of  the  plants  of  the  ancient  world ;  but  ho  has  also,  in  the 
Prodromus  of  the  work,  presented  various  important  and  striking 
views  of  the  general  character  of  the  vegetation  of  former  periods,  as 


*  We  may  observe  that  the  notion  of  parallelism,  when  applied  to  lines  drawn 
on  remote  portions  of  a  globular  surface,  requires  to  be  interpreted  in  so  arbitrary 
a  manner,  that  we  can  hardly  imagine  it  to  express  a  physical  law. 

*  Mr.  Lyell,  in  the  sixth  edition  of  his  Principles^  B.  L  c.  xiL,  hod  combated 
the  hypothesis  of  M.  Elie  de  Beaumont,  stated  in  the  text.  He  has  argued  both 
against  the  catastrophic  character  of  the  elevation  of  mountain  chains,  and  the 
parallelism  of  the  contemporaneous  ridges.  It  is  evident  that  the  former  doo 
trine  may  be  true,  though  the  latter  be  shown  to  be  faUe. 
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insular  or  continental,  tropical  or  temperate.  And  M.  Agassiz,  by  tbe 
examination  of  an  incredible  nnmber  of  specimens  and  collections  of 
fossil  fish,  has  been  led  to  results  which,  expressed  in  terms  of  his  own 
ichthyological  classification,  form  remarkable  general  laws.  Thusi  a^ 
cording  to  him,*  when  we  go  below  the  lias,  we  lose  all  traces  of  two  of 
the  four  orders  under  which  he  comprehends  all  known  kinds  of  fish ; 
namely,  the  Cyclcfidean  and  the  Ctenoidean  ;  while  the  other  two  orden, 
the  Oanotidean  and  Placdidean^  rare  in  our  days,  suddenly  appear  in 
great  numbers,  together  with  large  sauroid  and  carnivorous  fi8he& 
Cuvier,  in  constructing  his  great  work  on  ichthyology,  transferred  to 
M.  Agassiz  the  whole  subject  of  fossil  fishes,  thus  showing  how  highly 
he  esteemed  his  talents  as  a  naturalist  And  M.  Agassiz  has  shown 
himself  worthy  of  his  great  predecessor  in  geological  natural  histoiy, 
not  only  by  his  acuteness  and  activity,  but  by  the  comprehensive 
charact<ir  of  his  zoological  philosophy,  and  by  the  courage  with  whidi 
he  has  addressed  himself  to  the  vast  labors  which  lie  before  him.  In  hk 
Report  on  the  Fossil  Fish  discovered  in  England^  published  in  1835, 
he  briefly  sketches  some  of  the  large  questions  which  his  researches 
have  suggested  ;  and  then  adds,'  "  Such  is  the  meagre  outline  of  a 
history  of  the  highest  interest^  full  of  curious  episodes,  but  most  diffi- 
cult to  relate.  To  unfold  the  details  which  it  contains  will  be  the 
business  of  my  life." 

[2nd  Ed.]  [In  proceeding  downwards  through  the  series  of  forma- 
tions into  which  geologists  have  distributed  the  rocks  of  the  earth, 
one  class  of  organic  forms  after  another  is  found  to  disappear.  In  the 
Tertiary  Period  we  find  all  the  classes  of  the  present  world :  Mam- 
mals, Birds,  Reptiles,  Fishes,  Crustaceans,  Mollusks,  Zoophytes.  In 
the  Secondary  Period,  from  the  Chalk  down  to  the  New  Red  Sand- 
stone, Mammals  are  not  found,  with  the  minute  exception  of  the  mar- 
supial amphitherium  and  phascolotherium  in  the  Stonesfield  slate.  In 
the  Carboniferous  and  Devonian  period  we  have  no  large  Reptiles, 
with,  again,  a  minute  amount  of  exception.  In  the  lower  part  of  the 
Silurian  rocks.  Fishes  vanish,  and  we  have  no  animal  forms  but  Mol- 
lusks.  Crustaceans  and  Zoophytes. 

The  Carboniferous,  Devonian  and  Silurian  formations,  thus  con- 
taining the  oldest  forms  of  life,  have  been  termed  palceozoic.  The 
boundaries  of  the  life-bearing  series  have  not  yet  been  determined ; 
but  the  series  in  which  vertebrated  animals  do  not  appear  has  been 
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provisionally  termed  protozoic,  and  the  lower  Silurian  rocks  may 
probably  be  looked  upon  as  its  upper  members.  Below  this,  geolo- 
gists place  a  hypozoic  or  azoic  series  of  rocks. 

Geologists  differ  as  to  the  question  whether  these  changes  in  the 
inhabitants  of  the  globe  were  made  by  determinate  steps  or  by  insen- 
sible gradations.  M.  Agassiz  has  been  led*to  the  conviction  that  the 
organized  population  of  the  globe  was  renewed  in  the  interval  of  each 
principal  member  of  its  formations."  Mr.  Lyell,  on  the  other  hand, 
conceives  that  the  change  in  the  collection  of  organized  beings  was 
gradual,  and  has  proposed  on  this  subject  an  hypothesis  which  I  shall 
hereafter  consider.] 

Sect.  2. — Transition  to  Geological  Dynamics. 

Whilk  we  have  been  giving  this  account  of  the  objects  with  which 
Descriptive  Geology  is  occupied,  it  must  have  been  felt  how  difficult 
it  is,  in  contemplating  such  facts,  to  confine  ourselves  to  description 
and  classification.  Conjectures  and  reasonings  respecting  the  causes 
of  the  phenomena  force  themselves  upon  us  at  every  step ;  and  even 
influence  our  classification  and  nomenclature.  Our  Descriptive 
Geology  impels  us  to  endeavor  to  construct  a  Physical  Geology.  This 
close  connexion  of  the  two  branches  of  the  subject  by  no  means  in- 
validates the  necessity  of  distinguishing  them  :  as  in  Botany,  although 
the  formation  of  a  Natural  System  necessarily  brings  us  to  physiolo- 
gical relations,  we  still  distinguish  Systematic  from  Physiological 
Botany. 

Supposing,  however,  our  Descriptive  Geology  to  be  completed,  as 
far  as  can  be  done  without  considering  closely  the  causes  by  which 
the  strata  have  been  produced,  we  have  now  to  enter  upon  the  other 
province  of  the  science,  which  treats  of  those  causes,  and  of  which  wo 
have  already  spoken,  as  Physical  Geology.  But  before  we  can  treat 
this  department  of  speculation  in  a  manner  suitable  to  the  conditions 
of  science,  and  to  the  analogy  of  other  parts  of  our  knowledge,  a 
certain  intermediate  and  preparatory  science  must  be  formed,  of  which 
we  shall  now  consider  the  origin  and  progress. 
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CHAPTER  V. 
Inorganic  Geological  Dtnamics. 


Sect,  1. — NeciBiity  and  Object  of  a  Science  of  Geological  Dynamo, 

TTTHEN  the  strueture  and  arrangement  which  men  observed  in  the 
**  materials  of  the  earth  instigated  them  to  speculate  concerniiig 
the  past  changes  and  revolutions  by  which  such  results  had  been  pro- 
duced, they  at  first  supposed  themselves  sufficiently  able  to  judge 
what  would  be  the  effects  of  any  of  the  obvious  agents  of  change,  as 
water  or  volcanic  fire.  It  did  not  at  once  occur  to  them  to  suspect, 
that  their  common  and  extemporaneous  judgment  on  such  points  wasfer 
from  sufficient  for  sound  knowledge  ; — they  did  not  foresee  that  they 
must  create  a  special  science,  whose  object  should  be  to  estimate  the 
general  laws  and  effects  of  assumed  causes,  before  they  could  pro- 
nounce whether  such  causes  had  actually  produced  the  particular  fiicte 
which  their  survey  of  the  earth  had  disclosed  to  them. 

Yet  the  analogy  of  the  progress  of  knowledge  on  other  subjects 
points  out  very  clearly  the  necessity  of  such  a  science.  When  phe- 
nomenal astronomy  had  arrived  at  a  high  point  of  completeness,  by 
the  labors  of  ages,  and  especially  by  the  discovery  of  Kepler's  laws, 
astronomci*s  were  vehemently  desirous  of  knowing  the  causes  of  these 
motions ;  and  sanguine  men,  such  as  Kepler,  readily  conjectured  that 
the  motions  were  the  effects  of  certain  virtues  and  influences,  by  which 
the  heavenly  bodies  acted  upon  each  other.  But  it  did  not  at  first 
occur  to  him  and  his  fellow-speculators,  that  they  had  not  ascertained 
what  motions  the  influences  of  one  body  upon  another  could  produce; 
and  that,  therefore,  they  were  not  prepared  to  judge  whether  such 
caus«  as  they  spoke  of,  did  really  regulate  the  motions  of  the  planets. 
Yet  such  was  found  to  be  the  necessary  course  of  sound  inference. 
Men  needed  a  science  of  motion,  in  order  to  arrive  at  a  science  of  the 
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heavenly  motions:  llicy  coiiM  ii*>t  H«lvaij<'«'  in  the  study  of  the 
Mechanics  of  the  heavens,  till  they  had  learned  the  Mechanics  of  ter- 
restrial bodies.  And  thus  they  were,  in  such  speculations,  at  a  stand 
for  nearly  a  century,  from  the  time  of  Kepler  to  the  time  of  Newton, 
while  the  science  of  Mechanics  was  formed  by  Galileo  and  his  succes- 
sors. Till  that  task  was  executed,  all  the  attempts  to  assign  the  causes 
of  cosmical  phenomena  were  fanciful  guesses  and  vague  assertions ; 
after  that  was  done,  they  became  demonstrations.  The  science  of 
Dmamics  enabled  philosophers  to  pass  securely  and  completely  from 
Phenomenal  Astronomy  to  Physical  Astronomy, 

In  like  manner,  in  order  that  we  may  advance  from  Phenomenal 
Geology  to  Physical  Geology,  we  need  a  science  of  Geological  Dyna- 
mics ; — that  is,  a  science  which  shall  investigate  and  determine  the 
laws  and  consequences  of  the  known  causes  of  changes  such  as  those 
which  Geology  considers : — and  which  shall  do  this,  not  in  an  occa- 
aonal,  imperfect,  and  unconnected  manner,  but  by  systematic,  com- 
plete, and  conclusive  methods; — shall,  in  short,  be  a  Science,  and  not 
m  promiscuous  assemblage  of  desultory  essays. 

The  necessity  of  such  a  study,  as  a  distinct  branch  of  geology,  is 
perhaps  hardly  yet  formally  recognized,  although  the  researches  which 
belong  to  it  have,  of  late  years,  assumed  a  much  more  methodical  and 
scientific  character  than  they  before  possessed.  Mr.  LyelFs  work 
{Principles  of  Geoloyy),  in  particular,  has  eminently  contributed  to 
place  Geological  Dynamics  in  its  proper  prominent  position.  Of  the 
four  books  of  his  Treatise,  the  second  and  third  are  upon  this  di- 
vision of  the  subject;  the  second  book  treating  of  aqueous  and 
igneous  causes  of  change,  and  the  third,  of  changes  in  the  organic 
world. 

There  is  no  difficulty  in  separating  this  auxiliary  geological  science 
from  theoretical  Geology  itself,  in  which  we  apply  our  principles  to 
the  explanation  of  the  actual  facts  of  the  earth's  surface.  The  former, 
if  perfected,  would  be  a  demonstrative  science  dealing  with  general 
cases;  the  latter  is  an  setiological  view  having  reference  to  special 
facts;  the  one  attempts  to  determine  what  always  must  be  under 
given  conditions;  the  other  is  satisfied  with  knowing  what  is  and  has 
been,  and  why  it  has  been ;  the  first  study  has  a  strong  resemblance 
to  Mechanics,  the  other  to  philosophical  Archaology. 

Since  this  portion  of  science  is  still  so  new,  it  is  scarcely  possible  to 
give  arty  historical  account  of  its  progress,  or  any  complete  survey  of 
its  shape  and  component  parts.     I  can  only  attempt  a  few  notices, 


544  HISTORY  OP  GEOLOGY. 

which  may  enable  us  in  some  meas  ore  to  judge  to  what  point  dm 
division  of  our  subject  is  tending. 

We  may  remark,  in  this  as  in  former  cases,  that  since  we  have  here 
to  consider  the  formation  and  progress  of  a  science,  we  must  treat  tt 
unimportant  prehides  to  its  history,  the  detached  and  casual  observt- 
tions  of  the  effects  of  causes  of  change  which  we  find  in  older  writen. 
It  is  only  when  we  come  to  systematic  collections  of  information,  saeh 
as  may  afford  the  means  of  drawing  general  conclusions ;  or  to  rigo- 
rous deductions  from  known  laws  of  nature ; — that  we  can  recogniie 
the  separate  existence  of  geological  dynamics,  as  a  path  of  scientific 
research. 

The  following  may  perhaps  suffice,  for  the  present,  as  a  aketch  of 
the  subjects  of  which  this  science  treats : — the  aqueous  causes  of 
change,  or  those  in  which  water  adds  to,  takes  from,  or  traDsfers^  tlie 
materials  of  the  land: — the  igneous  causes;  volcanoes,  and,  doedj 
connected  with  them,  earthquakes,  and  the  forces  hj  which  they  are 
produced ; — the  calculations  which  determine,  on  physical  princijda, 
the  effects  of  assumed  mechanical  causes  acting  upon  large  portions  of 
the  crust  of  the  earth ; — the  effect  of  the  forces,  whatever  they  be, 
which  produce  the  crystalline  texture  of  rocks,  their  fissile  structure, 
and  the  separation  of  materials,  of  which  we  see  the  results  in  metal- 
liferous veins.  Again,  the  estimation  of  the  results  of  changes  of 
temperature  in  the  earth,  whether  operating  by  pressure,  expansion,  or 
in  any  other  way ; — the  effects  of  assumed  changes  in  the  superficial 
condition,  extent,  and  elevation,  of  terrestrial  continents  upon  the  cli- 
mates of  the  earth  ; — the  effect  of  assumed  cosmical  changes  upon  the 
temperature  of  this  planet; — and  researches  of  the  same  nature  as 
these. 

These  researches  are  concerned  with  the  causes  of  change  in  the 
inorganic  world ;  but  the  subject  requires  no  less  that  we  should  in- 
vestigate the  causes  which  may  modify  the  forms  and  conditions  of 
organic  things ;  and  in  the  large  sense  in  which  we  have  to  use  ti»e 
phrase,  we  may  include  researches  on  such  subjects  also  as  parts  of 
Geological  Dynamics ;  although,  in  truth,  this  department  of  physi- 
ology has  been  cultivated,  as  it  well  deserves  to  be,  independently  of 
its  bearing  upon  geological  theories.  The  great  problem  which  offers 
itself  here,  in  reference  to  Geology,  is,  to  examine  the  value  of  any 
hypotheses  by  which  it  may  be  attempted  to  explain  the  succession  of 
different  races  of  animals  and  plants  in  different  strata ;  and  though 
it  may  be  difficult,  in  this  inquiry,  to  arrive  at  any  positive  result,  we 
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may  at  least  be  able  to  show  the  improbabilitj  of  some  conjecturefi 
which  have  been  propounded. 

I  shall  now  give  a  very  brief  account  of  some  of  the  attempts  made 
in  these  various  departments  of  this  province  of  our  knowle<]^e ;  and 
in  the  present  chapter,  of  Inorganic  Changes. 

Sect,  2. — Aqueous  Causes  of  Change. 

The  controversies  to  which  the  various  theories  of  geologists  gave 
rise,  proceeding  in  various  ways  upon  the  effects  of  the  existing  causes 
of  change,  led  men  to  observe,  with  some  attention  and  perseverance, 
the  actual  operation  of  such  causes.  In  this  way,  the  known  effect 
of  the  Bhine,  in  filling  up  the  Lake  of  Geneva  at  its  upper  extremity, 
was  referred  to  by  De  Luc,  Kirwan,  and  others,  in  their  dispute  with 
the  Huttonians ;  and  attempts  were  even  made  to  calculate  how  dis- 
tant the  period  was,  when  this  alluvial  deposit  first  began.  Other 
mocTem  observei's  have  attended  to  similar  facts  in  the  natural  history 
of  rivers  and  seas.  But  the  subject  may  be  considered  as  having  first 
afisnmed  its  proper  form,  when  taken  up  by  Mr.  Von  Hoff ;  of  whose 
History  of  the  Natural  Changes  of  the  EartKs  surface  which  are 
proved  hy  Tradition^  the  first  part,  treating  of  aqueous  changes,  ap- 
peared in  1822.  This  work  was  occasioned  by  a  Prize  Question  of 
the  Royal  Society  of  Gottingen,  promulgated  in  1818 ;  in  which  these 
changes  were  proposed  as  the  subject  of  inquiry,  with  a  special  refer- 
ence to  geology.  Although  Yon  Hoff  does  not  attempt  to  establish 
any  general  inductions  upon  the  facts  which  his  book  contains,  the 
collection  of  such  a  body  of  facts  gave  almost  a  new  aspect  to  the 
subject,  by  showing  that  changes  in  the  relative  extent  of  land  and 
water  were  going  on  at  every  time,  and  almost  at  every  place ;  and 
that  mutability  and  fluctuation  in  the  form  of  the  solid  parts  of  the 
earth,  wfiich  had  been  supposed  by  most  persons  to  be  a  rare  excep- 
tion to  the  common  course  of  events,  was,  in  fact,  the  universal  rule. 
But  it  was  Mr.  Lyell's  Principles  of  Geology^  being  an  attempt  to  ex- 
plain the  former  Changes  of  the  EarOCs  Surface  hy  'the  causes  now 
in  action  (of  which  the  first  volume  was  published  in  1880),  which 
disclosed  the  full  effect  of  such  researches  on  geology ;  and  which  at- 
tempted to  present  such  assemblages  of  special  facts,  as  examples  <^ 
general  laws.  Thus  this  work  may,  as  we  have  said,  be  looked  upon 
as  the  beginning  of  Geological  Dynamics,  at  least  among  us.  Such 
generalisations  and  applications  as  it  contains  give  the  most  lively 
Vol.  II.— 85. 
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interest  to  a  thousand  observations  respecting  rivers  and  floods,  moon- 
tains  and  morasses,  which  otherwise  appear  without  aim  or  meaning; 
and  thus  this  department  of  science  cannot  fail  to  be  constant] j  aug- 
mented by  contributions  from  every  side.  At  the  same  time  it  is 
clear,  that  these  contributions,  voluminous  as  they  must  become,  mnst^ 
from  time  to  time,  be  resolved  into  laws  of  greater  and  greater  gene- 
rality ;  and  that  thus  alone  the  progress  of  this,  as  of  all  other  sciences) 
can  be  furthered. 

I  need  not  attempt  any  detailed  enumeration  of  the  modes  of 
aqueous  action  which  are  here  to  be  considered.  Some  are  destructiTe^ 
as  when  the  rivers  erode  the  channels  in  which  they  flow ;  or  when 
the  waves,  by  their  perpetual  assault,  shatter  the  shores,  and  cany  the 
ruins  of  them  into  the  abyss  of  the  ocean.  Some  operations  of  the 
water,  on  the  other  hand,  add  to  the  land  ;  as  when  delku  are  fonned 
at  the  mouths  of  rivers  or  when  calcareous  springs  form  deposits  of 
travertin.  Even  when  bound  in  icy  fetters,  water  is  by  no  meaM 
deprived  of  its  active  power ;  the  glacier  carries  into  the  valley  masses 
of  its  native  mountain,  and  often,  becoming  ice-bergs,  float  with  a 
lading  of  such  materials  far  into  the  seas  of  the  temperate  zone.  It 
is  indisputable  that  vast  beds  of  worn  down  fragments  of  the  existing 
land  are  now  forming  into  strata  at  the  bottom  of  the  ocean  ;  and  that 
many  other  effects  are  constantly  produced  by  existing  aqueous  causes, 
which  resemble  some,  at  leasts  of  the  facts  which  geology  has  to 
explain. 

[2nd  Ed.]  [The  effects  of  glaciers  above  mentioned  are  obvioos; 
but  the  mechanism  of  these  bodies, — the  mechanical  cause  of  their 
motions, — was  an  unsolved  problem  till  within  a  very  few  years.  That 
they  slide  as  rigid  masses ; — that  they  advance  by  the  expansion  of 
their  mass ; — that  they  advance  as  a  collection  of  rigid  fragments ; 
were  doctrines  which  were  held  by  eminent  physicists ;  though  a  veiy 
slight  attention  to  the  subject  shows  these  opinions  to  be  uittenable. 
In  Professor  James  Forbes's  theory  on  the  subject  (published  in  his 
Travels  through  the  Alps,  1843,)  we  find  a  solution  of  the  problem,  so 
simple,  and  yet  so  exact,  as  to  produce  the  most  entire  conviction.  In 
this  theory,  the  ice  of  a  glacier  is,  on  a  great  scale,  supposed  to  he  a 
plastic  or  viscous  mass,  though  small  portions  of  it  are  sensibly  rigid. 
It  advances  down  the  slope  of  the  valley  in  which  it  lies  as  a  plastic  mass 
would  do,  accommodating  itself  to  the  varying  shape  and  size  of  its 
bed,  and  showing  by  its  crevasses  its  mixed  character  between  fluid  and 
rigid.     It  shows  this  character  still  more  curiously  by  a  ribboned  stntc 
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*ure  on  a  small  scale,  which  is  common  in  the  solid  ice  of  the  glacier, 
rhe  planes  of  these  ribbons  are,  for  the  most  part,  at  right  angles  to 
he  crevasses,  near  the  sides  of  the  glacier,  while,  near  its  central  line, 
hey  dip  towards  the  npper  part  of  the  glacier.  This  structure  appears 
o  arise  from  the  difference  of  velocities  of  contiguous  moving 
ilaments  of  tte  -icy  mass,  as  the  crevasses  themselves  arise  from  the 
ension  of  larger  portions.  Mr.  Forbes  has,  in  successive  publications, 
amoved  the  objections  which  have  been  urged  against  this  theory.  In 
he  last  of  them,  a  Memoir  in  the  Phil.  Trans.,  1846,  {Illustrations 
f  the  Viscous  Theory  of  Glacier  Motion,)  he  very  naturally  expresses 
istonishment  at  the  opposition  which  has  been  made  to  the  theory  on 
he  ground  of  the  rigidity  of  small  pieces  of  ice.  He  has  himself 
hown  that  the  ice  of  glaciers  has  a  plastic  flexibility,  by  marking 
brty-five  points  in  a  transverse  straight  line  upon  the  Mer  de  Glace, 
md  observing  them  for  several  days.  The  straight  line  in  that  time 
lot  jonly  became  oblique  to  the  side,  but  also  became  visibly  curved. 

Both  Mr.  Forbes  and  other  philosophers  have  made  it  in  the  highest 
legree  probable  that  glaciers  have  existed  in  many  places  in  which 
hey  now  exist  no  longer,  and  have  exercised  great  powers  in  trans- 
K>rting  large  blocks  of  rock,  furrowing  and  polishing  the  rocks  along 
which  they  slide,  and  leaving  lines  and  masses  of  detritus  or  moraine 
vhich  they  had  carried  along  with  them  or  pushed  before  them.  It 
jannot  be  doubted  that  extinct  glaciers  have  produced  some  of  the 
effects  which  the  geologist  has  to  endeavor  to  explain.  But  this  part 
>f  the  machinery  of  nature  has  been  worked  by  some  theorists  into  an 
exaggerated  form,  in  which  it  cannot,  as  I  conceive,  have  any  place  in 
in  account  of  Geological  Dynamics  which  aims  at  being  perma- 
lent 

The  great  problem  of  the  diffusion  of  drift  and  erratic  blocks  from 
heir  parent  rocks  to  great  distances,  has  driven  geologists  to  the  con- 
nderation  of  other  hypothetical  machinery  by  which  the  effects  may 
3e  accounted  for :  especially  the  great  northern  drift  and  boulders, — 
he  rocks  from  the  Scandinavian  chain  which  cover  the  north  of  Europe 
m  a  vast  area,  having  a  length  of  2000  and  breadth  of  from  400  to  800 
niles.  The  diffusion  of  these  blocks  has  been  accounted  for  by  sup- 
308ing  them  to  be  imbedded  in  icebergs,  detached  from  the  shore,  and 
loated  into  oceanic  spaces,  where  they  have  grounded  and  been  depo- 
jited  by  the  melting  of  the  ice.  And  this  mode  of  action  may  to  some 
Mrtent  be  safely  admitted  into  geological  speculation.  For  it  is  a  mat- 
ter of  fact,  that  our  navigators  in  arctic  and  antarctic  regions  have 
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Bea  bottom  while  rock-beariDg  ice-masses  floated  on  the  sar&co  till 
they  deposited  their  lading. 

Sir  R.  Murchison  has  pointed  out  another  operation  of  ice  in  pro- 
ducing mounds  of  rocky  masses ;  namely,  the  effects  of  riverB  and 
lakes,  in  climates  where,  as  in  Russia,  the  waters  carry  rocky  frag- 
ments entangled  in  the  winter  ice,  and  leave  them  in  heaps  at  the 
highest  level  which  the  waters  attain. 

The  extent  to  which  the  effects  of  glaciers,  now  vanished,  are  appa- 
rent in  many  places,  especially  in  Switzerland  and  in  England,  and 
other  phenomena  of  the  like  tendency,  have  led  some  of  the  most 
eminent  geologists  to  the  conviction  that^  anterior  to  the  period  of  our 
present  temperature,  there  was  a  Oladal  Period,  at  which  the  tem- 
perature of  Europe  was  lower  than  it  now  is.] 

Although  the  study  of  the  common  operations  of  water  may  give 
the  geologist  such  an  acquaintance  with  the  laws  of  his  subject  as  may 
much  aid  his  judgment  respecting  the  extent  to  which  such  effects 
may  proceed,  a  long  course  of  observation  and  thought  must  be 
requisite  before  such  operations  can  be  analysed  into  their  fundamental 
principles,  and  become  the  subjects  of  calculation,  or  of  rigorous  rea- 
soning in  any  manner  which  is  as  precise  and  certain  as  calculation. 
Various  portions  of  Hydraulics  have  an  important  bearing  upon  these 
subjects,  including  some  researches  which  have  been  pursued  with  no 
small  labor  by  engineers  and  mathematicians ;  as  the  effects  of  cur- 
rents and  waves,  the  laws  of  tides  and  of  rivers,  and  many  similar 
problems.  In  truth,  however,  such  subjects  have  not  hitherto  been 
treated  by  mathematicians  with  much  success ;  and  probably  several 
generations  must  elapse  before  this  portion  of  geological  dynamics  can 
become  an  exact  science. 

Sect,  3. — Igneous  Causes  of  Change. — Motions  of  the  EarMa 
Surfaxx, 

Thx  effects  of  volcanoes  have  long  been  noted  as  important  and  strik- 
ing features  in  the  physical  history  of  our  globe ;  and  the  probability 
of  their  connexion  with  many  geological  phenomena,  had  not  escaped 
notice  at  an  early  period.  But  it  was  not  till  more  recent  times,  that 
the  full  import  of  these  phenomena  was  apprehended.  The  person 
who  first  looked  at  such  operations  with  that  conmianding  general 
view  which  showed  their  extensive  connexion  with  physical  geology, 
was  Alexander  von  Humboldt,  who  explored  the  volcanic  phenomena 
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^lemted  beds  of  coral,  which,  occurriDg  in  other  places,  indicate  a 
recent  rising  of  the  land ;  and  on  such  grounds  as  these  he  divides 
the  surface  of  those  parts  of  the  ocean  into  regions  of  elevation  and 
of  depression. 

The  labors  of  coralline  zoophytes,  as  thus  observed,  form  masses  of 
coral,  such  as  are  found  fossilized  in  the  strata  of  the  earth.  But  our 
knowledge  of  the  laws  of  life  which  have  probably  affected  the  distri- 
bution of  marine  remains  in  strata,  has  received  other  very  striking 
accessions  by  the  labors  of  Prof.  Edward  Forbes  in  observing  the 
marine  animals  of  the  .^ean  Sea.  He  found  that^  even  in  their 
living  state,  the  mollusks  and  zoophytes  are  already  distributed  into 
strata.  Dividing  the  depth  into  eight  regions,  from  2  to  280  ^thoms, 
he  found  that  each  region  had  its  peculiar  inhabitants,  which  disap- 
peared speedily  either  in  ascending  or  in  descending.  The  zero 
of  animal  life  appeared  to  occur  at  about  300  fathoms.  Thi&  curious 
result  bears  in  various  ways  upon  geology.  Mr.  Forbes  himself  has 
given  an  example  of  the  mode  in  which  it  may  be  applied,  by  deter- 
n^ing  the  depth  at  which  the  submarine  eruption  took  place  which 
produced  the  volcanic  isle  of  Neokaimeni  in  1707.  By  an  examina- 
tion of  the  fossils  embedded  in  the  pumice,  he  showed  that  it  came 
from  the  fourth  region.' 

To  the  modes  in  which  organized  beings  operate  in  producing  the 
materials  of  the  earth,  we  must  add  those  pointed  out  by  the  extra- 
ordinary microscopic  discoveries  of  Professor  Ehrenberg.  It  appears 
that  whole  beds  of  earthy  matter  consist  of  the  cases  of  certain  infu- 
soria, the  remains  of  these  creatures  being  accumulated  in  numbers 
which  it  confounds  our  thoughts  to  contemplate.] 

Speculations  concerning  the  causes  of  volcanoes  and  earthquakes, 
and  of  the  rising  and  sinking  of  land,  are  a  highly  important  portion 
of  this  science,  at  least  as  far  as  the  calculation  of  the  possible  results 
of  definite  causes  is  concerned.  But  the  various  hjrpotheses  which 
have  been  propounded  on  this  subject  can  hardly  be  considered  as 
sufficiently  matured  for  suet  calculation.  A  mass  of  matter  in  a  state 
of  igneous  fusion,  extending  to  the  centre  of  the  earth,  even  if  we 
make  such  an  hypothesis,  requires  some  additional  cause  to  produce 
eruption.  The  supposition  that  this  fire  may  be  produced  by  intense 
chemical  action  between  combining  elements,  requires  further,  not  only 
some  agency  to  bring  together  such  elements,  but  some  reason  why 


»  Britit^  Assoc  Bepartt,  1848,  p.  177. 
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md  elevating  them  in  a  conical  fonn.  Against  this  doctrine,  as  exem- 
plified in  the  most  noted  instances,  strong  ai^uments  have  been  adduced 
by  other  geologists.  Yet  the  protrusion  of  fused  rock  by  subterrana- 
008  forces  upon  a  large  scale  is  not  denied  :  and  how  far  the  examples 
of  such  operations  may,  in  any  cases,  be  termed  craters  of  elevation, 
most  be  considered  as  a  question  not  yet  decided.  On  the  supposition 
of  the  truth  of  Yon  Buch's  doctrine,  M.  de  Beaumont  has  calculated 
the  relations  of  position,  the  fissures,  &c^  which  would  arise.  And 
Mr.  Hopkins,*  of  Cambridge,  has  investigated  in  a  much  more  general 
manner,  upon  mechanical  principles,  the  laws  of  the  elevations,  fissures, 
fimlts,  veins,  and  other  phenomena  which  would  result  from  an  eleva- 
toiy  force,  acting  simultaneously  at  every  point  beneath  extensive  por- 
tions of  the  crust  of  the  earth.  An  application  of  mathematical  reap 
toning,  to  the  illustration  of  the  phenomena  of  veins  had  before  been 
made  in  Germany  by  Schmidt  and  Zinmierman.^*  The  conclusion 
which  Mr.  Hopkins  has  obtained,  respecting  the  two  sets  of  fissures,  at 
right  angles  to  each  other,  which  would  in  general  be  produced  by 
sQch  forces  as  he  supposes,  may  suggest  interesting  points  of  examina- 
tion respecting  the  geological  phenomena  of  fissured  districts. 

[2nd  Ed.]  [The  theory  of  craters  of  elevation  probably  errs  rather 
by  making  the  elevation  of  a  point  into  a  particular  class  of  volcanic 
i^ency,  than  by  giving  volcanic  agency  too  great  a  power  of  elevation. 
A  mature  consideration  of  the  subject  will  make  us  hesitate  to 
ascribe  much  value  to  the  labors  of  those  writers  who  have  applied 
mathematical  reasoning  to  geological  questions.  Such  reasoning,  when 
it  is  carried  to  the  extent  which  requires  symbolical  processes,  has 
always  been,  I  conceive,  a  source,  not  of  knowledge,  but  of  error,  and 
conliision  ;  for  in  such  applications  the  real  questions  are  slurred  over 
in  the  hypothetical  assumptions  of  the  mathematician,  while  the  calcu- 
lation misleads  its  followers  by  a  false  aspect  of  demonstration.  All 
symbolical  reasonings  concerning  the  fissures  of  a  semi-rigid  mass  pro- 
duced by  elevatory  or  other  forces,  appear  to  me  to  have  turned  out 
valueless.  At  the  same  time  it  cannot  be  too  strongly  borne  in  mind, 
that  mathematical  and  mechanical  habits  of  thought  are  requisite  to 
all  clear  thinking  on  such  subjects.] 

Other  forces,  still  more  secure  in  their  nature  and  laws,  have  played 
a  very  important  part  in  the  formation  of  the  earth's  crust  I  speak 
of  the  forces  by  which  the  crystalline,  slaty,  and  jointed  structure  of 


•  1\  in*.  Comb,  Phil,  Soe.  voL  vL  1886.  '^  Phil.  Mag.  July,  1886,  p.  2. 
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mineral  masses  has  been  produced.  These  forces  are  probably  identi- 
cal, on  the  one  hand,  with  the  cohesive  forces  from  which  rocks  derive 
their  solidity  and  their  physical  properties  •  while,  on  the  other  hand, 
they  are  closely  connected  with  the  forces  of  chemical  attraction.  No 
attempts,  of  any  lucid  and  hopeful  kind,  have  yet  been  made  to  bring 
such  forces  under  definite  mechanical  conceptions :  and  perhaps  mine- 
ralogy, to  which  science,  as  the  point  of  junction  of  chemistry  and 
crystallography,  such  attempts  would  belong,  is  hardly  yet  ripe  for  sach 
speculations.  But  when  wo  look  at  the  universal  prevalence  of  crystal- 
line forms  and  cleavages,  at  the  extent  of  the  phenomena  of  tkij 
cleavage,  and  at  the  segregation  of  special  minerals  into  veins  and 
nodules,  which  has  taken  place  in  some  unknown  manner,  we  cannot 
doubt  that  the  forces  of  which  we  now  speak  have  acted  veiy  widely 
and  energetically.  Any  elucidation  of  their  nature  would  be  an  im- 
portant step  in  Geological  Dynamics. 

[2nd  Ed.]  [A  point  of  Geological  Dynamics  of  great  importance 
is,  the  change  which  rocks  undergo  in  structure  after  they  are 
deposited,  cither  by  the  action  of  subterraneous  heat,  or  by  the  influ- 
ence of  crystalline  or  other  corpuscular  forces.  By  such  agencies, 
sedimentary  rocks  may  be  converted  into  crystalline,  the  traces  of 
organic  fossils  may  be  obliterated,  a  slaty  cleavage  may  be  prodaced, 
and  other  like  effects.  The  possibility  of  such  changes  was  urged  by 
Dr.  Hutton  in  his  Theory ;  and  Sir  James  Hall's  very  instructive  and 
striking  experiments  were  made  for  the  purpose  of  illustrating  this 
theory.  In  these  experiments,  powdered  chalk  was,  by  the  application 
of  heat  under  pressure,  converted  into  crystalline  calcspar.  Afterwards 
Dr.  McCulloch's  labors  had  an  important  influence  in  satisfying 
geologists  of  the  reality  of  corresponding  changes  in  nature.  Dr. 
McCuUoch,  by  his  very  lively  and  copious  descriptions  of  volcanic 
regions,  by  his  representations  of  them,  by  his  classification  of  igneous 
rocks,  and  his  comprehensive  views  of  the  phenomena  which  they 
exhibit,  probably  was  the  means  of  converting  many  geologists  from 
the  Wernerian  opinions. 

Rocks  which  have  undergone  changes  since  they  were  deposited  are 
termed  by  Mr.  LycU  metamorpkic.  The  great  extent  of  metamorphic 
rock  changed  by  heat  is  now  uncontested.  The  internal  changes  which 
arc  produced  by  the  crystalline  forces  of  mountain  masses  have  been 
the  subjects  of  important  and  comprehensive  speculations  by  Professor 
Sedgwick.] 
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Sect,  6. — Theories  of  Changes  of  Climate, 

As  we  have  already  stated,  Geology  oflfers  to  us  strong  evidence  that 
the  climate  of  the  ancient  periods  of  the  earth's  history  was  hotter  than 
that  which  now  exists  in  the  same  countries.  This,  and  other  circum- 
stances, have  led  geologists  to  the  investigation  of  the  effects  of  any 
hypothetical  causes  of  such  changes  of  condition  in  respect  of  heat 

The  love  of  the  contemplation  of  geometrical  symmetry,  as  well  as 
other  reasons,  suggested  the  hypothesis  that  the  earth's  axis  had  ori- 
ginally no  obliquity,  but  was  perpendicular  to  the  equator.  Such  a 
construction  of  the  world  had  been  thought  of  before  the  time  of  Mil- 
ton," as  what  might  be  supposed  to  have  existed  when  man  was  ex- 
pelled from  Paradise ;  and  Burnet,  in  his  Sacred  Theory  of  the  Earth 
(1600),  adopted  this  notion  of  the  paradisiacal  condition  of  the  globe  : 

The  Bpring 
Perpetual  smiled  on  earth  with  verdant  flowers, 
Equal  in  days  and  nights. 

In  modem  times,  too,  some  persons  have  been  disposed  to  adopt 
this  hypothesis,  because  they  have  conceived  that  the  present  polar 
distribution  of  light  is  inconsistent  with  the  production  of  the  fossil 
plants  which  are  found  in  those  regions,"  even  if  we  could,  in  some 
other  way,  account  for  the  change  of  temperature.  But  this  alteration 
in  the  axes  of  a  revolution  could  not  take  place  without  a  subversion  of 
the  equilibrium  of  the  surface,  such  as  does  not  appear  to  have  occurred; 
and  the  change  has  of  late  been  generally  declared  impossible  by  phy- 
sical astronomers. 

The  effects  of  other  astronomical  changes  have  been  calculated  by 
Sir  John  Hcrschel.  He  has  examined,  for  instance,  the  thermotical 
consequences  of  the  diminution  of  the  eccentricity  of  the  earth's  orbit, 
which  has  been  going  on  for  ages  beyond  the  records  of  history.  He 
finds"  that,  on  this  account,  the  annual  effect  of  solar  radiation  would 
increase  as  we  go  back  to  remoter  periods  of  the  past ;  but  (probably 
at  least)  not  in  a  degree  sufficient  to  account  for  the  apparent  past 


"  Some  said  he  bade  his  angels  turn  askance 
The  poles  of  earth  twice  ten  degrees  and  more 
From  the  san*s  axle,  <&c. — Faradiie  Lott,  x.  214. 
■  LyeH  I  166.    Lindley,  Fossil  Flora,  "  GeoL  Trans,  vol.  iil  p,  295. 
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CHAPTER  VL 

Pboorxss  of  thb  Gsolooioal  Dtmamios  of  Oboakizsd 
Beings. 


Sect.  1. — Objects  of  this  Science, 

PERHAPS  in  extending  the  term  Geological  Dynamics  \o  the  causes 
of  changes  in  organized  beings,  I  shall  be  thought  to  be  employing 
a  forced  and  inconvenient  phraseology.  But  it  will  be  found  that,  in 
order  to  treat  geology  in  a  truly  scientific  manner,  we  must  bring  toge- 
ther all  the  classes  of  speculations  concerning  known  causes  of  change; 
and  the  Organic  Dynamics  of  Geology,  or  of  Geography,  if  the  reader 
prefers  the  word,  appears  not  an  inappropriate  phrase  for  one  part  of 
this  body  of  researches. 

As  has  already  been  said,  the  species  of  plants  and  animals  which 
are  found  embec|4ed  in  the  strata  of  the  earth,  are  not  only  different 
from  those  which  now  live  in  the  same  regions,  but,  for  the  most  part, 
different  from  any  now  existing  on  the  face  of  the  earth.  The  remains 
which  we  discover  imply  a  past  state  of  things  different  from  that 
which  now  prevails ;  they  imply  also  that  the  whole  organic  creation 
has  been  renewed,  and  that  this  renewal  has  taken  place  several  times. 
Such  extraordinary  general  facts  have  naturally  put  in  activity  very 
'bold  speculations. 

But  it  has  already  been  said,  we  cannot  speculate  upon  such  facts  in 
the  past  history  of  the  globe,  without  taking  a  large  survey  of  its  pre- 
sent condition.  Docs  the  present  animal  and  vegetable  population 
differ  from  the  past,  in  the  same  way  in  which  the  products  of  one 
region  of  the  existing  earth  differ  from  those  of  another  ?  Can  the 
creation  and  diffusion  of  the  fossil  species  be  explained  in  the  same 
manner  as  the  creation  and  diffusion  of  the  creatures  among  which  we 
live  ?  And  these  questions  lead  us  onwards  another  step,  to  ask, — 
What  are  the  laws  by  which  the  plants  and  animals  of  different  parts 
of  the  earth  differ  ?  What  was  the  manner  in  which  they  were  origi- 
nally diffused? — Tims  we  have  to  include,  as  portions  of  our  subject, 
Vol.-  1L— 86. 
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tbey  can  be  securely  made,  are  of  extreme  interest  in  their  bearing  on 
geological  speculations. 

The  means  by  which  plants  and  animals  are  now  diffused  from  one 
place  to  another,  have  been  well  described  by  Mr.  Lyell.*  And  he  has 
considered  also,  with  due  attention,  the  manner  in  which  they  become 
imbedded  in  mineral  deposits  of  various  kinds.*  He  has  thus  followed 
the  history  of  organized  bodies,  from  the  germ  to  the  tomb,  and  thence 
to  the  cabinet  of  the  geologist. 

But,  besides  the  fortunes  of  individual  plants  and  animals,  there  is 
another  class  of  questions,  of  great  interest,  but  of  great  difficulty; — 
the  fortunes  of  each  species.  In  what  manner  do  species  which  were 
not,  begin  to  be  ?  as  geology  teaches  us  that  they  many  times  have 
done ;  and,  as  even  our  own  reasonings  convince  us  they  must  have 
done,  at  least  in  the  case  of  the  species  among  which  we  live. 

We  here  obviously  place  before  us,  as  a  subject  of  research,  the 
Creation  of  Living  Things ; — a  subject  shrouded  in  mystery,  and  not 
to  be  approached  without  reverence.  But  though  we  may  conceive, 
that,  on  this  subject,  we  are  not  to  seek  our  belief  from  science  alone, 
we  shall  find,  it  is  asserted,  within  the  limits  of  allowable  and  unavoid- 
able speculation,  many  curious  and  important  problems  which  may 
well  employ  our  physiological  skill.  For  example,  we  may  ask : — how 
we  are  to  recognize  the  species  which  were  originally  created  distinct  ? 
— ^whether  the  population  of  the  earth  at  one  geological  epoch  could 
pass  to  the  form  which  it  has  at  a  succeeding  period,  by  the  agency  of 
natural  causes  alone  ? — and  if  not,  what  other  account  we  can  give  of 
the  succession  which  we  find  to  have  taken  place  ? 

The  most  remarkable  point  in  the  attempts  to  answer  these  and 
the  like  questions,  is  the  controversy  between  the  advocates  and  the 
opponents  of  the  docti-ino  of  the  transmutation  of  species.  This  ques- 
tion is,  even  from  its  mere  physiological  import,  one  of  great  interest ; 
and  the  interest  is  much  enhanced  by  our  geological  researches, 
which  again  bring  the  question  before  us  in  a  striking  form,  and  on  a 
gigantic  scale.    We  shall,  therefore,  briefly  state  the  point  at  issue. 

Sect.  3. —  Question  of  the  Transmutation  of  Species. 

We  see  that  animals  and  plants  may,  by  the  influence  of  breeding, 
and  of  external  agents  operating  upon  their  constitution,  be  greatly 
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tible,  though  difficult  to  define  in  words,  are  limited  in  fkct  It  is 
extremely  interesting  and  satisfactoxy  thus  to  receive  an  answer  in 
which  we  can  confide,  to  inquiries  seemingly  so  wide  and  bold  as  those 
which  this  subject  involves.  I  refer  to  Mr.  Lyell,  Dr.  Prichard,  Mr. 
Lawrence,  and  others,  for  the  history  of  the  discussion,  and  for  the 
groonds  of  the  decision ;  and  I  shall  quote  very  briefly  the  main  points 
and  conclusions  to  which  the  inquiry  has  led.* 

It  may  be  considered,  then,  as  determined  by  the  over-balance  of 
physiological  authority,  that  there  is  a  capacity  in  all  species  to  accom- 
modate themselves,  to  a  certain  extent,  to  a  change  of  external  circum- 
stances ;  this  extent  varying  greatly  according  to  the  species.  There 
may  thus  arise  changes  of  appearance  or  structure,  and  some  of  these 
changes  are  transmissible  to  the  offspring :  but  the  mutations  thus  super- 
induced are  governed  by  constant  laws,  and  confined,  within  certain 
limits.  Indefinite  divergence  from  the  original  type  is  not  possible; 
and  the  extreme  limit  of  possible  variation  may  usually  be  reached  in  a 
brief  period  of  time  :  in  short,  species  have  a  real  existence  in  nature^ 
and  a  transmutation  from  one  to  another  does  not  exist 

•Thus,  for  example,  Cuvier  remarks,  that  notwithstanding  all  the 
differences  of  size,  appearance,  and  habits,  which  we  find  in  the  dogs 
of  various  races  and  countries,  and  though  we  have  (in  the  Egyptian 
mmnmies)  skeletons  of  this  animal  as  it  existed  three  thousand  years 
ago,  the  relation  of  the  bones  to  each .  other  remains  essentially  the 
8ame ;  and,  with  all  the  varieties  of  their  shape'  and  size,  there  are 
characters  which  resist  all  the  influences  both  of  external  nature, 
of  human  intercourse,  and  of  time. 

Sect.  4. — Hypothesis  of  Progressive  Tendencies. 

Within  certain  limits,  however,  as  we  have  said,  external  circumstances 
produce  changes  in  the  forms  of  organized  beings.  The  causes  of 
change,  and  the  laws  and  limits  of  their  effects,  as  they  obtain  in  the 
existing  state  of  the  organic  creation,  are  in  the  highest  degree  interest- 
ing. And,  as  has  been  already  intimated,  the  knowledge  thus  obtain- 
ed, has  been  applied  with  a  view  to  explain  the  origin  of  the  existing 
population  of  the  world,  and  the  succession  of  its  past  conditions.  But 
those  who  have  attempted  such  an  explanation,  have  found  it  necessary 
to  assume  certain  additional  laws,  in  order  to  enable  themselves  to  de- 
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I  need  not  stay  to  point  out  how  extremely  arbitrary  every  part  of 
this  scheme  is ;  and  how  complex  its  machinery  would  be,  even  if  it 
did  account  for  the  facts.  It  may  be  sufficient  to  obseiTe,  as  others 
have  done,*  that  the  capacity  of  change,  and  of  being  influenced  by 
external  circumstances,  such  as  we  really  find  it  in  nature,  and  there- 
fore such  as  in  science  we  must  represent  it,  is  a  tendency,  not  to 
improve,  bht  to  deteriorate.  When  species  are  modified  by  external 
causes,  they  usually  degenerate,  and  do  not  advance.  And  there  is  no 
instance  of  a  species  acquiring  an  entirely  new  sense,  faculty,  or  organ, 
in  addition  to,  or  in  the  place  of,  what  it  had  before. 

Not  only,  then,  is  the  doctrine  of  the  transmutation  of  species  in 
itself  disproved  by  the  best  physiological  reasonings,  but  the  additional 
assumptions  which  are  requisite,  to  enable  its  advocates  to  apply  it  to 
the  explanation  of  the  geological  and  other  phenomena  of  the  earth, 
arc  altogether  gratuitous  and  fantastical. 

Such  is  the  judgment  to  which  we  are  led  by  the  examination  of  the 
discussions  which  have  taken  place  on  this  subject.  Yet  in  certain 
speculations,  occasioned  by  the  discovery  of  the  Sivatherium^  a  new 
fossil  animal  from  the  Sub-Himalaya  mountains  of  India,  M.  Geoffrey 
Saint-Hilaire  speaks  of  the  belief  in  the  immutability  of  species  as  a 
conviction  which  is  fading  away  from  men's  minds.  He  speaks  too 
of  the  termination  of  the  age  of  Cuvier,  "  la  cl6ture  du  siecle  de 
Cuvier,"  and  of  the  commencement  of  a  better  zoological  philosophy.* 
But  though  he  expresses  himself  with  great  animation,  I  do  not  per- 
ceive that  he  adduces,  in  support  of  his  peculiar  opinions,  any  argu- 
ments in  addition  to  those  which  he  urged  during  the  lifetime  of 
Cuvier.  And  the  reader*  may  recollect  that  the  consideration  of  that 
controversy  led  us  to  very  different  anticipations  from  his,  respecting 
the  probable  future  progress  of  physiology.  The  discovery  of  the 
Sivatherium  supplies  no  particle  of  proof  to  the  hypothesis,  that  the 
existing  species  of  animals  are  descended  from  extinct  creatures  which 
are  specifically  distinct :  and  we  cannot  act  more  wisely  than  in  listen- 
ing to  the  advice  of  that  eminent  naturalist,  M.  de  Blainville." 
**  Against  this  hypothesis,  which,  up  to  the  present  time,  I  regard  as 
purely  gratuitons,  and  likely  to  turn  geologists  out  of  the  sound  and 
excellent  road  in  which  they  now  are,  I  willingly  raise  my  voice,  with 
the  most  absolute  conviction  of  being  in  the  right." 


*  Lyell,  B.  m.  c.  iv.        ■  Compte  Rendu  de  TAcad.  det  Se.  1837,  No.  8,  p.  81. 

•  See  B.  xvn.  c  vii.       ^"^  Compte  Rendu,  1887,  No.  6,  p.  168. 
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[2Dd  Ed.]  [The  hypothesis  of  the  progressive  developement  of 
species  has  been  urged  recently,  in  connexion  with  the  physiological 
tenet  of  Tiedemann  and  De  Serres,  noticed  in  B.  xvn.  c  viL  sect  3  ;^ 
namely,  tha(  the  embryo  of  the  higher  forms  of  animals  passes  by 
gradations  through  those  forms  which  are  permanent  in  inferior  ani- 
mals. Assuming  this  tenet  as  exact,  it  has  been  maintained  that  the 
higher  animals  which  are  found  in  the  more  recent  stratk  may  have 
been  produced  by  an  ulterior  development  of  the  lower  forms  in  the 
embryo  state ;  the  circumstances  being  such  as  to  favor  such  a  dere- 
lopemcnt.  But  all  the  best  physiologists  agree  in  declaring  that  sadi 
an  extraordinary  developement  of  the  embryo  is  inconsistent  with  phy- 
siological possibility.  Even  if  the  progression  of  the  embryo  in  time 
have  a  general  correspondence  with  the  order  of  animal  forms  as  more 
or  less  perfectly  organized  (which  is  true  in  an  extremely  incomplete 
and  inexact  degree),  this  correspondence  must  be  considered,  not  ss 
any  indication  of  causality,  but  as  one  of  those  marks  of  universal  ant- 
logy  and  symmetry  which  are  stamped  upon  every  part  of  the  creatioa 

Mr.  Lyell"  notices  this  doctrine  of  Tiedemann  and  De  Serres ;  and 
obscr\'C8,  that  though  nature  presents  us  with  cases  of  animal  formB 
degraded  by  incomplete  developement,  she  offers  none  of  forms  exalted 
by  extraordinary  developement.  Mr.  Lyell's  own  hypothesis  of  the  in- 
troduction of  new  species  upon  the  earth,  not  having  any  physiological 
basis,  hardly  belongs  to  this  chapter.] 

Sect.  5. —  Question  of  Creation  as  related  to  Science. 

But  since  we  reject  the  production  of  new  species  by  means  of  external 
influence,  do  we  then,  it  may  be  asked,  accept  the  other  side  of  the 
dilemma  which  we  have  stated  ;  and  admit  a  series  of  creations  of 
species,  by  some  power  beyond  that  which  we  trace  in  the  ordinary 
course  of  nature  ? 

To  this  question,  the  history  and  analogy  of  science,  I  conceive, 
teach  us  to  reply  as  follows : — All  palfetiological  sciences,  all  specula- 
tions which  attempt  to  ascend  from  the  present  to  the  remote  past,  by 
the  chain  of  causation,  do  also,  by  an  inevitable  consequence,  urge  us 
to  look  for  the  beginning  of  the  state  of  things  which  we  thus  con- 
template ;  but  in  none  of  these  cases  have  men  been  able,  by  the  aid 
of  science,  to  arrive  at  a  beginning  which  is  homogeneous  with  the 
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known  coarse  of  events.  The  first  origin  of  langoage,  of  civilization, 
of  law  and  government,  cannot  be  clearly  made  out  by  reasoning  and 
research ;  just  as  little,  we  may  expect,  will  a  knowledge  of  the  origin 
of  the  existing  and  extinct  species  of  plants  and  animds,  be  the  result 
of  physiological  and  geological  investigation. 

But,  though  philosophers  have  never  yet  demonstrated,  and  perhaps 
never  will  be  able  to  demonstrate,  what  was  that  primitive  state  of 
things  in  the  social  and  material  worlds,  from  which  the  progressive 
state  took  its  first  departure ;  they  can  still,  in  all  the  lines  of  research 
to  which  we  have  referred,  go  very  far  back ; — determine  many  of 
the  remote  circumstances  of  the  past  sequence  of  events ; — ascend  to 
a  point  which,  from  our  position  at  least,  seems  to  be  near  the  origin  ; 
— ^and  exclude  many  suppositions  respecting  the  origin  itself.  Whether, 
by  the  light  of  reason  alone,  men  will  ever  be  able  to  do  more  than 
this,  it  is  diflScult  to  say.  It  is,  I  think,  no  irrational  opinion,  even  on 
grounds  of  philosophical  analogy  alone,  that  in  all  those  sciences 
which  look  back  and  seek  a  beginning  of  things,  we  may  be  unable 
to  arrive  at  a  consistent  and  definite  belief,  without  having  recourse  to 
other  grounds  of  truth,  as  well  as  to  historical  research  and  scientific 
reasoning.  When  our  thoughts  would  apprehend  steadily  the  crea- 
tion of  things,  we  find  that  we  are  obliged  to  summon  up  other  ideas 
than  those  which  regulate  the  pursuit  of  scientific  truths ; — to  call  in 
other  powers  than  those  to  which  wo  refer  natural  events :  it  cannot, 
then,  be  considered  as  very  surprizing,  if,  in  this  part  of  our  inquiry, 
we  are  compelled  to  look  for  other  than  the  ordinary  evidence  of 
science. 

Geology,  forming  one  of  the  palaetiological  class  of  sciences,  which 
trace  back  the  history  of  the  earth  and  its  inhabitants  on  philosophical 
grounds,  is  thus  associated  with  a  number  of  other  kinds  of  research, 
which  are  concerned  about  language,  law,  art,  and  consequently  about 
the  internal  faculties  of  man,  his  thoughts,  his  social  habits,  his  con- 
ception of  right,  his  love  of  beauty.  Geology  being  thus  brought  into 
the  atmosphere  of  moral  and  mental  speculations,  it  may  be  expected 
that  her  investigations  of  the  probable  past  will  share  an  influence 
common  to  them  ;  and  that  she  will  not  be  allowed  to  point  to  an 
>rigin  of  her  own,  a  merely  physical  beginning  of  things ;  but  that, 
as  she  approaches  towards  such  a  goal,  she  will  be  led  to  see  that  it  is 
the  origin  of  many  trains  of  events,  the  point  of  convergence  of  many 
lines.  It  may  be,  that  instead  of  being  allowed  to  travel  up  to  this 
focus  of  being,  we  are  only  able  to  estimate  its  place  and  nature,  and 
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ruled  the  affairs  of  mankind,  will  also  believe  that  a  Providence  has 
governed  the  material  world.  But  any  language  in  which  the  narrative 
of  this  government  of  the  material  world  can  be  conveyed,  must  neces- 
sarily be  very  imperfect  and  inappropriate  ;  being  expressed  in  terms 
of  those  ideas  which  have  been  selected  by  men,  in  order  to  describe 
appearances  and  relations  of  created  things  as  they  affect  one  another. 
In  all  cases,  therefore,  where  we  have  to  attempt  to  interpret  such  a 
narrative,  we  must  feel  that  we  are  extremely  liable  to  err ;  and  most 
of  all,  when  our  interpretation  refers  to  those  material  objects  and 
operations  which  are  most  foreign  to  the  main  purpose  of  a  history  of 
providence.  K  we  have  to  consider  a  conmiunication  containing  a 
view  of  such  a  government  of  the  world,  imparted  to  us,  as  we  may 
suppose,  in  order  to  point  out  the  right  direction  for  our  feelings  of 
.  trust,  and  reverence,  and  hope,  towards  the  Governor  of  the  world,  we 
may  expect  that  we  shall  be  in  no  danger  of  collecting  from  our 
authority  erroneous  notions  with  regard  to  the  power,  and  wisdom, 
and  goodness  of  His  government ;  or  with  respect  to  our  own  place, 
duties,  and  prospects,  and  the  history  of  our  race  so  far  as  our  duties 
and  prospects  are  concerned.  But  that  we  shall  rightly  understand 
the  detail  of  all  events  in  the  history  of  man,  or  of  the  skies,  or  of 
the  earth,  which  are  narrated  for  the  purpose  of  thus  giving  a  right 
direction  to  our  minds,  is  by  no  means  equally  certain  ;  and  I  do  not 
think  it  would  be  too  much  to  say,  that  an  immunity  from  perplexity 
and  error,  in  such  matters,  is,  on  general  grounds,  very  improbable. 
It  cannot  then  surprise  us  to  find,  that  parts  of  such  narrations  which 
seem  to  refer  to  occurrences  like  those  of  which  astronomers  and 
geologists  have  attempted  to  determine  the  laws,  have  given  rise  to 
many  interpretations,  all  inconsistent  with  one  another,  and  most  of 
them  at  variance  with  the  best  established  principles  of  astronomy  and 
geology. 

It  may  be  urged,  that  all  truths  must  be  consistent  with  all  other 
truths,  and  that  therefore  the  results  of  true  geology  or  astronomy  can- 
not be  irreconcileable  with  the  statements  of  true  theology.  And  this 
universal  consistency  of  truth  with  itself  must  be  assented  to ;  but  it 
by  no  means  follows  that  we  must  be  able  to  obtain  a  full  insight  into 
the  nature  and  manner  of  such  a  consistency.  Such  an  insight  would 
only  be  possible  if  we  could  obtain  a  clear  view  of  that  central  body  of 
truth,  the  source  of  the  principles  which  appear  in  the  separate  lines 
of  speculation.  To  expect  that  we  should  see  clearly  how  tHe  provi- 
dential government  of  the  world  is  consistent  with  the  unvarying  laws 
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varioQft  stages  of  its  progress,  as  geology  teaches  us.  That  they  were, 
like  our  own  animal  and  vegetable  contemporaries,  profoundly  adapted 
to  the  condition  in  which  they  were  placed,  we  have  ample  reason  to 
believe ;  but  when  we  inquire  whence  they  came  into  this  our  world, 
geology  is  silent.  The  mystery  of  creation  is  i  ot  within  the  range  of 
her  legitimate  territory ;  she  says  nothing,  but  she  points  upwards. 

SeeU  6. — The  Hypothec  of  the  regular  Creation  and  Extinction  of 

Species, 

1.  Creation  of  Species. — We  have  already  seen,  how  untenable,  as  a 
physiological  doctrine,  is  the  principle  of  the  transmutability  and  pro- 
gressive tendency  of  species ;  and  therefore,  when  we  come  to  apply  to 
theoretical  geology  the  principles  of  the  present  chapter,  this  portion 
of  the  subject  will  easily  be  disposed  of.  I  hardly  know  whether  I 
can  state  that  there  is  any  other  principle  which  has  been  applied  to 
the  ^lution  of  the  geological  problem,  and  which,  therefore,  as  a  gene- 
ral truth,  ought  to  be  considered  here.  Mr.  Lyell,  indeed,  has  spoken" 
of  an  hypothesis  that  "  the  successive  creation  of  species  may  consti- 
tute a  regular  part  of  the  economy  of  nature :"  but  he  has  nowhere, 
I  think,  so  described  this  process  as  to  make  it  appear  in  what  depart- 
ment of  science  we  are  to  place  the  hypothesis.  Are  these  new  species 
created  by  the  production,  at  long  intervals,  of  an  ofispring  different  in 
species  from  the  parents  ?  Or  are  the  species  so  created  produced  with- 
out parents  ?  Are  they  gradually  evolved  from  some  embryo  substance? 
or  do  they  suddenly  start  from  the  ground,  as  in  the  creation  of  the 
poet? 

.......    Perfect  forms 

Limbed  and  fall-grown:  out  of  the  ground  up  rose 
Aa  from  his  lair,  the  wild  beast  where  he  wons 
In  forest  wild,  in  thicket,  brake,  or  den ;  .  .  . 
The  grassy  clods  now  calved ;  now  half  appeared 
The  tawny  lion,  pawing  to  get  free 
His  hinder  parts ;  then  springs  as  broke  from  bounds, 
And  rampant  shakes  his  brinded  mane ;  Ac.  Ac. 

FaradUe  Loit,  B.  vil 

Some  selection  of  one  of  these  forms  of  the  hypothesis,  rather  than 
the  others,  with  evidence  for  the  selection,  is  requisite  to  entitle  us  to 
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place  it  among  the  known  causes  of  change  which  in  this  chapter  we 
are  considering.  The  bare  conviction  that  a  creation  of  species  has 
taken  place,  whether  once  or  many  times,  so  long  as  it  is  unconnected 
with  our  organical  sciences,  is  a  tenet  of  Natural  Theology  rather  than 
of  Physical  Philosophy. 

[2nd  Ed.]  [Mr.  Lyell  has  explained  his  theory"  by  supposing  man 
to  people  a  great  desert,  introducing  into  it  living  plants  and  animals; 
and  he  has  traced,  in  a  very  interesting  manner,  the  results  of  such  « 
hypothesis  on  the  distribution  of  vegetable  and  animal  species.  Bnt 
he  supposes  the  agents  who  do  this,  before  they  import  species  into 
particular  localities,  to  study  attentively  the  climate  and  other  physical 
conditions  of  each  spot,  and  to  use  various  precautions.  It  is  on 
account  of  the  notion  of  design  thus  introduced  that  I  have,  above, 
described  this  opinion  as  rather  a  tenet  of  Natural  Theology  than  of 
Physical  Philosophy. 

Mr.  Edward  Forbes  has  published  some  highly  interesting  specnla* 
tions  on  the  distribution  of  existing  species  of  animals  and  plants.  It 
appears  that  the  manner  in  which  animal  and  vegetable  forms  are  now 
diflfused  requires  us  to  assume  centres  from  which  the  diffusion  took 
place  by  no  means  limited  by  the  present  divisions  of  continents  and 
islands.  The  changes  of  land  and  water  which  have  thus  occurred 
since  the  existing  species  were  placed  on  the  earth  must  have  been 
very  extensive,  and  perhaps  reach  into  tlie  glacial  period  of  which  I 
have  spoken  above.'* 

x\ccording  to  Mr.  Forbes's  views,  for  which  he  has  offered  a  great 
body  of  very  striking  and  converging  reasons,  the  present  vegetable 
and  animal  population  of  the  British  Isles  is  to  be  accounted  for  by 
the  following  series  of  events.  The  marine  deposits  of  the  meiocene 
formation  were  elevated  into  a  great  Atlantic  continent,  yet  separate 
from  what  is  now  America,  and  having  its  western  shore  where  now 
the  great  serai-circular  belt  of  gulf-weed  ranges  from  the  15th  to  the 
45th  parallel  of  latitude..  This  continent  then  became  stocked  with 
life,  and  of  its  vegetable  population,  the  flora  of  the  west  of  Ireland, 
which  has  many  points  in  common  with  the  flora  of  Spain  and  the  At- 


'•  B.  iiL  c.  viii.  p.  1G6. 

"  See,  in  Memoirs  of  the  Geological  Survey  of  Great  Britain^  vol  i.  p.  8S6, 
Professor  Forbes's  Memoir  "  On  the  Connection  between  the  Distribution  of  the 
existing  Fauna  and  Flora  of  the  British  Isles,  and  the  Geological  Changes  vhich 
have  aflfected  their  area,  especially  during  the  epoch  of  the  Northern  Drift ** 
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lantic  islands  (the  Asturian  flora),  is  the  record.  The  region  between 
Spain  and  Ireland,  and  the  rest  of  this  meiocene  continent,  was 
destroyed  by  some  geological  movement,  but  there  were  left  traces  of 
the  connexion  which  still  remain.  Eastwards  of  the  flora  just  men- 
tioned, there  is  a  flora  common  to  Devon  and  Cornwall,  to  the  south- 
east part  of  Ireland,  the  Channel  Isles,  and  the  adjacent  provinces  of 
France; — a  flora  passing  to  a  southern  character;  and  having  its 
course  marked  by  the  remains  of  a  great  rocky  barrier,  the  destruction 
of  which  probably  took  place  anterior  to  the  formation  of  the  narrower 
part  of  the  channel.  Eastward  from  this  Devon  or  Gorman  flora, 
again,  we  have  the  Kentish  flora,  which  is  an  extension  of  the  flora  of 
North-western  France,  insulated  by  the  breach  which  formed  the  straits 
of  Dover.  Then  came  the  Glacial  period^  when  the  east  of  England 
and  the  north  of  Europe  were  submerged,  the  northern  drift  was  dis- 
tributed, and  England  was  reduced  to  a  chain  of  islands  or  ridges, 
formed  by  the  mountains  of  Wales,  Cumberland,  and  Scotland,  which 
were  connected  with  the  land  of  Scandinavia.  This  was  the  period  of 
glaciers,  of  the  dispersion  of  boulders,  of  the  grooving  and  scratching  of 
rocks  as  they  are  now  found.  The  climate  being  then  much  colder 
than  it  now  is,  the  flora,  even  down  to  the  water's  edge,  consisted  of 
what  are  now  Alpine  plants ;  and  this  Alpine  flora  is  common  to  Scan- 
dinavia and  to  our  mountain-summits.  And  these  plants  kept  their 
places,  when,  by  the  elevation  of  the  land,  the  whole  of  the  present  Ger- 
man Ocean  became  a  continent  connecting  Britain  with  central  Europe. 
For  the  increased  elevation  of  their  stations  counterbalanced  the  dimi- 
nished cold  of  the  succeeding  period.  Along  the  dry  bed  of  the 
German  Sea,  thus  elevated,  the  principal  part  of  the  existing  flor^  of 
England,  the  Germanic  flora,  migrated.  A  large  portion  of  our  exist- 
ing animal  population  also  came  over  through  the  same  region ;  and 
along  with  those,  came  hyenas,  tigers,  rhinoceros,  aurochs,  elk,  wolves, 
beavers,  which  are  extinct  in  Britain,  and  other  animals  which  are 
extinct  altogether,  as  the  primigenian  elephant  or  mammoth.  But 
then,  again,  the  German  Ocean  and  the  Irish  Channel  were  scooped 
out;  and  the  climate  again  changed.  In  our  islands,  so  detached, 
many  of  the  larger  beasts  perished,  and  their  bones  were  covered  up 
in  peat-mosses  and  caves,  where  we  find  them.  This  distinguished 
naturalist  has  further  shown  that  the  population  of  the  sea  lends  itself 
to  the  same  view.  Mr.  Forbes  ?ays  that  the  writings  of  Mr.  Smith,  of 
Jordan-hill,  "  On  the  last  Changes  in  the  relative  Levels  of  the  Land 
and  Sea  in  the  British  Islands,"  published  in  the  Memoirs  of  the  Wet- 
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imagine  circumstances  such  as  might  entirely  disturb  the  equilibrium 
which  the  powers  of  diffusion  of  different  species  have  produced ; — 
might  give  to  some  the  opportunity  of  invading  and  conquering  the 
domain  of  others ;  and  in  the  end,  the  means  of  entirely  suppressing 
them,  and  establishing  themselves  in  their  place. 

That  this  extirpation  of  certain  species,  which,  as  we  have  seen,  hap- 
pens in  a  few  cases  under  common  circumstances,  might  happen  upon 
a  greater  scale,  if  the  range  of  external  changes  were  to  be  much 
enlarged,  cannot  be  doubted.  The  extent,  therefore,  to  which  natural 
causes  may  account  for  the  extinction  of  species,  will  depend  upon  the 
amount  of  change  which  we  suppose  in  the  physical  conditions  of  the 
earth.  It  must  be  a  task  of  extreme  difficulty  to  estimate  the  effect 
upon  the  organic  world,  even  if  the  physical  circumstances  were  given. 
To  determine  the  physical  condition  to  which  a  given  state  of  the  earth 
would  give  rise,  I  have  already  noted  as  another  very  difficult  problem. 
Yet  these  two  problems  must  be  solved,  in  order  to  enable  us  to  judge 
of  the  sufficiency  of  any  hypothesis  of  the  extinction  of  species ;  and 
in  the  mean  time,  for  the  mode  in  which  new  species  come  into  the 
places  of  those  which  are  extinguished,  we  have  (as  we  have  seen)  no 
hypothesis  which  physiology  can,  for  a  moment,  sanction. 

Sect,  7. — The  Imbedding  of  Organic  Remains. 

There  is  still  one  portion  of  the  Djmamics  of  Geology,  a  branch  of 
great  and  manifest  importance,  which  I  have  to  notice,  but  upon  which 
I  need  only  speak  very  briefly.  The  mode  in  which  the  spoils  of  exist- 
ing plants  and  animals  are  imbedded  in  the  deposits  now  forming,  is  a 
subject  which  has  naturally  attracted  the  attention  of  geologists. 
During  the  controversy  which  took  place  in  Italy  respecting  the  fossils 
of  the  Sub-Apennine  hills,  Vitaliano  Donati,"  in  1750,  undertook  an 
examination  of  the  Adriatic,  and  found  that  deposits  containing  shells 
and  corals,  extremely  resembling  the  strata  of  the  hills,  were  there  in 
the  act  of  formation.  But  without  dwelling  on  other  observations  of 
like  kind,  I  may  state  that  Mr.  Lyell  has  treated  this  subject,  and  all 
the  topics  connected  with  it,  in  a  very  full  and  satisfactory  manner. 
He  has  explained,"  by  an  excellent  collection  of  illustrative  facts,  how 
deposits  of  various  substance  and  contents  are  formed ;  how  plants  and 
animals  become  fossil  in  peat,  in  blown  sand,  in  volcanic  matter,  in 
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CHAPTER  VII. 
Progress  of  Physical  Geoloot. 


Sect.  1. — Object  and  Distinction  of  Physical  Geology. 

BEING,  in  consequence  of  the  steps  which  we  have  attempted  to 
describe,  in  possession  of  two  sciences,  one  of  which  traces  the 
laws  of  action  of  known  causes,  and  the  other  describes  the  pheno- 
mena which  the  earth's  surface  presents,  we  are  now  prepared  to  ex- 
amine how  fsLT  the  attempts  to  refer  the  facts  to  their  causes  have 
been  successful :  we  are  ready  to  enter  upon  the  consideration  of 
Theoretical  or  Physical  Geology,  as,  by  analogy  with  Physical  Astro- 
nomy, we  may  term  this  branch  of  8pecula,tion. 

The  distinction  of  this  from  other  portions  of  our  knowledge  is 
sufficiently  evident.  In  former  times,  Geology  was  always  associated 
with  Mineralogy,  and  sometimes  confounded  with  it ;  but  the  mistake 
of  such  an  arrangement  must  be  clear,  from  what  has  been  said.  Gre- 
ology  is  connected  with  Mineralogy,  only  so  far  as  the  latter  science 
classifies  a  large  portion  of  the  objects  which  Geology  employs  as 
evidence  of  its  statements.  To  confound  the  two  is  the  same  error  as  it 
would  be  to  treat  philosophical  history  as  identical  with  the  knowledge 
of  medals.  Geology  procures  evidence  of  her  conclusions  wherever 
she  can ;  from  minerals  or  froin  seas ;  from  inorganic  or  from  organic 
bodies ;  from  the  ground  or  from  the  skies.  The  geologist's  business 
is  to  learn  the  past  history  of  the  earth  ;  and  he  is  no  more  limited  to 
one  or  a  few  kinds  of  documents,  as  his  sources  of  information,  than 
is  the  historian  of  man,  in  the  execution  of  a  similar  task. 

Physical  Geology,  of  which  I  now  speak,  may  not  be  always  easily 
separable  from  Descriptive  Geology  :  in  fact,  they  have  generally  been 
combined,  for  few  have  been  content  to  describe,  without  attempting 
in  some  measure  to  explain.     Indeed,  if  they  had  done  so,  it  is  proba- 
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and  especially  that  part  of  it  which  is  requisite  for  the  induction  of  laws 
from  fects,  emerges  slowly  and  with  diflSculty  from  the  crowd  of 
adverse  influences,  even  under  the  most  &vorable  circumstances.  We 
have  seen  that  in  the  ancient  world,  the  Greeks  alone  showed  them- 
selves to  possess  this  talent ;  and  what  they  thus  attained  to,  amounted 
only.to  a  few  sound  doctrines  in  astronomy,  and  one  or  two  extremely 
imperfect  truths  in  mechanics,  optics,  and  music,  which  their  succes- 
sors were  unable  to  retain.  No  other  nation,  till  we  come  to  the  dawn 
of  a  better  day  in  modern  Europe,  made  any  positive  step  at  all  in 
sound  physical  speculation.  Empty  dreams  or  useless  exhibitions  of 
ingenuity,  formed  the  whole  of  their  essays  at  such  knowledge. 

It  must,  therefore,  independently  of  positive  evidence,  be  considered 
as  extremely  improbable,  that  any  of  these  nations  should,  at  an  early 
period,  have  arrived,  by  observation  and  induction,  at  wide  general 
truths,  such  as  the  philosophers  of  modem  times  have  only  satisfied 
themselves  of  by  long  and  patient  labor  and  thought.  If  resem- 
blances should  be  discovered  between  the  assertions  of  ancient  writers 
and  the  discoveries  of  modem  science,  the  probability  in  all  cases,  the 
certainty  in  most,  is  that  these  are  accidental  coincidences ; — that  the 
ancient  opinion  is  no  anticipation  of  the  modern  discovery,  but  is  one 
guess  among  many,  not  a  whit  the  more  valuable  because  its  expres- 
sion agrees  with  a  truth.  The  author  of  the  guess  could  not  intend 
the  trath,  because  his  mind  was  not  prepared  to  comprehend  it. 
Those  of  the  ancients  who  spoke  of  the  harmony  which  binds  all 
things  together,  could  not  mean  the  Newtonian  gravitation,  because 
they  had  never  been  led  to  conceive  an  attractive  force,  governed  by 
definite  mathematical  laws  in  its  quantity  and  operation. 

In  agreement  with  these  views,  we  must,  I  conceive,  estimate  the 
opinions  which  we  find  among  the  ancients,  respecting  the  changes 
which  the  earth's  surface  has  undergone.  These  opinions,  when  they 
are  at  all  of  a  general  kind,  are  arbitrary  fictions  of  the  fancy,  showing 
man's  love  of  generality  indeed,  but  indulging  it  without  that  expense 
of  labor  and  thought  which  alone  can  render  it  legitimate. 

We  might,  therefore,  pass  by  all  the  traditions  and  speculations  of 
Oriental,  Egyptian,  and  Greek  cosmogony,  as  extraneous  to  our  subject. 
But  since  these  have  recently  been  spoken  of,  as  conclusions  collected, 
however  vaguely,  from  observed  facts,"  we  may  make  a  remark  or  two 
upon  them. 


'  Lyell,  B.  I  c  iL  p.  8.  (4th  ed.) 
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The  notion  of  a  series  of  creations  and  destructions  of  worlds,  whicL 
appears  in  the  sacred  volume  of  the  Hindoos,  which  fonned  part  of 
the  traditionary  lore  of  Egypt,  and  which  was  afterwards  adopted  into 
the  poetry  and  philosophy  of  Greece,  must  be  considered  as  a  mytho- 
logical, not  a  physical,  doctrine.  When  this  doctrine  was  dwelt  upon, 
men's  thoughts  were  directed,  not  to  the  terrestrial  facts  which  it 
seemed  to  explain,  but  to  the  attributes  of  the  deities  which  it 
illustrated.  The  conception  of  a  Supreme  power,  impelling  and  guid- 
ing the  progress  of  events,  which  is  permanent  among  all  perpetual 
change,  and  regular  among  all  seeming  chance,  was  readily  entertained 
by  contemplative  and  enthusiastic  minds ;  and  when  natural  phenomena 
were  referred  to  this  doctrine,  it  was  rather  for  the  purpose  of  fasten- 
ing its  impressiveness  upon  the  senses,  than  in  the  way  of  giving  to  it 
authority  and  support.  Hence  we  perceive  that  in  the  exposition  of 
this  doctrine,  an  attempt  was  always  made  to  fill  and  elevate  the  mind 
with  the  notions  of  marvellous  events,  and  of  infinite  times,  in  which 
vast  cycles  of  order  recurred.  Tlie  "  great  year,"  in  which  all  celestial 
phenomena  come  round,  offered  itself  as  capable  of  being  calculated ; 
and  a  similar  great  year  was  readily  assumed  for  terrestrial  and  human 
events.  Hence  there  were  to  be  brought  round  by  great  cycles,  not 
only  deluges  and  conflagrations  which  were  to  destroy  and  renovate 
the  earth,  but  also  the  series  of  historical  occurrences.  Not  only  the 
sea  and  land  were  to  recommence  their  alternations,  but  there  was  to 
be  another  Argo,  which  should  carry  warriors  on  the  first  sea-foray,' 
and  another  succession  of  heroic  wars.  Looking  at  the  passages  of 
ancient  authors  which  refer  to  terrestrial  changes  in  this  view,  we  shall 
see  that  they  are  addressed  almost  entirely  to  the  love  of  the  marvel- 
lous and  the  infinite,  and  cannot  with  propriety  be  taken  as  indications 
of  a  spirit  of  physical  philosophy.  For  example,  if  we  turn  to  the 
celebrated  passage  in  Ovid,*  where  Pythagoras  is  represented  as  assert- 
ing that  land  becomes  sea,  and  sea  land,  and  many  other  changes  which 
geologists  have  verified,  we  find  that  these  observations  are  associated 
with  many  fables,  as  being  matter  of  exactly  the  same  kind; — the 
fountain  of  Ammon  which  was  cold  by  day  and  warm  by  night;* — the 
waters  of  Salmacis  which  effeminate  men  ; — thcCIitonan  spring  which 
makes  them  loathe  wine ; — the  Simplegades  islands  which  were  once 
moveable ; — the  Tritonian  lake  which  covered  men's  bodies  with 
feathers ; — and  many  similar  marvels.     And  the  general  purport  of 

'  Virg.  Eclog,  4.  »  Met,  Lib.  xv.  «  V.  809,  <kc 
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the  whole  is,  to  countenance  the  doctrine  of  the  metempsychosis,  and 
the  Pythagorean  injunction  of  not  eating  animal  food.  It  is  clear,  I 
think,  that  &ct8  so  introduced  must  be  considered  as  having  been  con 
templated  rather  in  the  spirit  of  poetry  than  of  science. 

We  must  estimate  in  the  same  manner,  the  very  remarkable  passage 
brought  to  light  by  M.  Elie  de  Beaumont,'  from  the  Arabian  writer, 
Kazwiri ;  in  which  we  have  a  representation  of  the  same  spot  of 
ground,  as  being,  at  successive  intervals  of  five  hundred  years,  a  city,  a 
sea,  a  desert,  and  again  a  city.  This  invention  is  adduced,  I  conceive, 
rather  to  feed  the  appetite  of  wonder,  than  to  fix  it  upon  any  reality  : 
as  the  title  of  his  book.  The  Marvels  of  Nature^  obviously  intimates. 

The  speculations  of  Aristotle,  concerning  the  exchanges  of  land  and 
sea  which  take  place  in  long  periods,  are  not  formed  in  exactly  the 
same  spirit,  but  they  are  hardly  more  substantial;  and  seem  to  be 
quite  as  arbitrary,  since  they  are  not  confirmed  by  any  examples  and 
proofs.  After  stating,*  that  the  same  spots  of  the  earth  are  not  always 
land  and  always  water,  he  gives  the  reason.  "  The  principle  and  cause 
of  this  is,"  he  says,  "  that  the  inner  parts  of  the  earth,  like  the  bodies 
of  plants  and  animals,  have  their  ages  of  vigor  and  of  decline ;  but  in 
plants  and  animals  all  the  parts  arc  in  vigor,  and  all  grow  old,  at  once : 
in  the  earth  different  parts  arrive  at  maturity  at  different  times  by  the 
operation  of  cold  and  heat :  they  grow  and  decay  on  account  of  the 
sun  and  the  revolution  of  the  stars,  and  thus  the  parts  of  the  earth 
acquire  different  power,  so  that  for  a  certain  time  they  remain  moist, 
and  then  become  dry  and  old :  and  then  other  places  are  revivified, 
and  become  partially  watery."  We  are,  I  conceive,  doing  no  injustice 
to  such  speculations  by  classing  them  among  fanciful  geological 
opinions. 

We  must  also,  I  conceive,  range  in  the  same  division  another  class 
of  writers  of  much  more  modern  times ; — I  mean  those  who  have 
framed  their  geology  by  interpretations  of  Scripture.  I  have  already 
endeavored  to  show  that  such  an  attempt  is  a  perversion  of  the  pur- 
pose of  a  divine  communication,  and  cannot  lead  to  any  physical  truth, 
I  do  not  here  speak  of  geological  speculations  in  which  the  Mosaic 
account  of  the  deluge  has  been  referred  to ;  for  whatever  errors  may 
have  been  committed  on  that  subject,  it  would  be  as  absurd  to  dis- 
regard the  most  ancient  historical  record,  in  attempting  to  trace  back 
the  history  of  the  earth,  as  it  would  be,  gratuitously  to  reject  any  other 
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ascribing  the  phenomena  of  the  earth's  surface  mainly  to  aqiieou? 
agency ;  the  other  Plutonian  or  Vulcanian,  because  it  employed  the 
force  of  subterraneous  fire  as  its  principal  machinery.  The  circumstance 
which  is  most  worthy  of  notice  in  these  remarkable  essays  is,  the  endeavor 
to  give,  by  means  of  such  materials  as  the  authors  possessed,  a  com- 
plete and  simple  account  of  all  the  facts  of  the  earth's  history.  The 
Saxon  professor,  proceeding  on  the  examination  of  a  small  district  in 
Germany,  maintained  the  existence  of  a  chaotic  fluid,  from  which,  a 
series  of  universal  formations  had  been  precipitated,  the  position  of  the 
strata  being  broken  up  by  the  falling  in  of  subterraneous  cavities, 
in  the  intervals  between  these  depositions.  The  Scotch  philosopher, 
who  had  observed  in  England  and  Scotland,  thought  himself  justified 
in  declaring  that  the  existing  causes  were  suflScient  to  spread  new  strata 
on  the  bottom  of  the  ocean,  and  that  they  are  consolidated,  elevated, 
and  fractured  by  volcanic  heat,  so  as  to  give  rise  to  new  continents. 

It  will  hardly  be  now  denied  that  all  that  is  to  remain  as  permanent 
science  in  each  of  these  systems  must  be  proved  by  the  examination  of 
many  cases  and  limited  by  many  conditions  and  circumstances.  Theo- 
ries so  wide  and  simple,  were  consistent  only  with  a  comparatively  scanty 
collection  of  facts,  and  belong  to  the  early  stage  of  geological  knowledge. 
In  the  progress  of  the  science,  the  "  theory"  of  each  part  of  the  earth 
must  come  out  of  the  examination  of  that  part,  combined  with  all  that 
is  well  established,  concerning  all  the  rest ;  and  a  general  theory  must 
result  from  the  comparison  of  all  such  partial  theoretical  views.  Any 
attempt  to  snatch  it  before  its  time  must  fail ;  and  therefore  we  may 
venture  at  present  to  designate  general  theories,  like  those  of  Hutton 
and  Werner,  as  premature. 

This,  indeed,  is  the  sentiment  of  most  of  the  good  geologists  of  the 
present  day.  The  time  for  such  general  systems,  and  for  the  fierce 
wars  to  which  the  opposition  of  such  generalities  gives  rise,  is  probably 
now  past  for  ever ;  and  geology  will  not  again  witness  such  a  contro- 
versy as  that  of  the  Wernerian  and  Huttonian  schools. 

As  when  two  black  clouds 

"With  heaven's  artillery  fraught,  come  rattling  on 

Over  the  Caspian :  then  stand  front  to  front, 

Hovering  a  space,  till  winds  the  signal  blow 

To  join  their  dark  encounter  in  mid-air. 

So  frowned  the  mighty  combatants,  that  hell 

Grew  darker  at  their  frown ;  so  matched  they  stood: 

For  never  but  once  more  was  either  like 

To  meet  so  great  a  foe. 
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opiDioD,  than  to  the  doctrine  of  catastrophes.*  But  Steno,  in  1660, 
approached  nearer  to  this  doctrine ;  for  he  asserted  that  Tuscany  must 
have  changed  its  fece  at  intervals,  so  as  to  acquire  six  diflferent  configu- 
rations, by  the  successive  breaking  down  of  the  older  strata  into  iijclined 
positions,  and  the  horizontal  deposit  of  new  ones  upon  them.  Strabo, 
indeed,  at  an  earlier  period  had  recourse  to  earthquakes,  to  explain  the 
occurrence  of  shells  in  mountains;  and  Hooke  published  the  same 
opinion  later.  But  the  Italian  geologists  prosecuted  their  researches 
under  the  advantage  of  having,  close  at  hand,  large  collections  of  con- 
spicuous and  consistent  phenomena.  Lazzaro  Moro,  in  1740,  attempted 
to  apply  the  theory  of  earthquakes  to  the  Italian  strata ;  but  both  he 
and  bis  expositor,  Cirillo  Generelli,  inclined  rather  to  reduce  the  vio- 
lence of  these  operations  within  the  ordinary  course  of  nature,'  and 
thus  leant  to  the  doctrine  of  uniformity,  of  which  we  have  afterwards 
to  speak.  Moro  was  encouraged  in  this  line  of  speculation  by  the 
extraordinary  occurrence,  as  it  was  deemed  by  most  persons,  of  the  rise 
of  a  new  volcanic  island  from  a  deep  part  of  the  Mediterranean,  near 
Santorino,  in  1707.*  But  in  other  countries,  as  the  geological  facts 
were  studied,  the  doctrine  of  catastrophes  appeared  to  gain  ground. 
Thus  in  England,  where,  through  a  large  part  of  the  country,  the  coal- 
measures  are  extremely  inclined  and  contorted,  and  covered  over  by 
more  horizontal  fragmentary  beds,  the  opinion  that  some  violent  cata- 
strophe had  occurred  ta  dislocate  them,  before  the  superincumbent 
strata  were  deposited,  was  strongly  held.  It  was  conceived  that  a 
period  of  violent  and  destructive  action  must  have  succeeded  to  one  of 
repose ;  and  that,  for  a  time,  some  unusual  and  paroxysmal  forces  must 
have  been  employed  in  elevating  and  breaking  the  pre-existing  strata, 
and  wearing  their  fragments  into  smooth  pebbles,  before  nature  subsided 
into  a  new  age  of  tranquillity  and  vitality.  In  like  manner  Cuvier, 
from  the  alternations  of  fresh-water  and  salt-water  species  in  the  strata 
of  Paris,  collected  the  opinion  of  a  series  of  great  revolutions,  in  which 
**  the  thread  of  induction  was  broken."  Deluc  and  others,  to  whom 
we  owe  the  first  steps  in  geological  dynamics,  attempted  carefully  to 
distinguish  between  causes  now  in  action,  and  those  which  have  ceased 
to  act;  in  which  latter  class  they  reckoned  the  causes  which  have 


1  "Here  is  a  part  of  the  earth  which  has  become  more  light,  and  which  rises, 
while  the  opposite  part  approaches  nearer  to  the  centre,  and  what  was  the 
bottom  of  the  sea  is  become  the  top  of  the  mountain. " — Venturi's  Leonardo  da 
Vinei. 

«  LyeU,  i.  3.  p.  64.  (4th  ed.)  »  lb.  p.  60. 
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as  well  as  of  the  same  kind,  with  the  volcanoes  and  earthquakes  which 
now  shake  the  surface.  His  doctrine  of  uniformity  was  founded  rather 
on  the  supposed  analogy  of  other  lines  of  speculation,  than  on  the 
examination  of  the  amount  of  changes  now  going.on.  "  The  Author 
of  nature,"  it  was  said,  "  has  not  permitted  in  His  works  any  symptom 
of  in&ncy  or  of  old  age,  or  any  sign  by  which  we  may  estimate  either 
their  future  or  their  past  duration :"  and  the  example  of  the  planetary 
system  was  referred  to  in  illustration  of  this,*  And  a  general  persua- 
sion that  the  champions  of  this  theory  were  not  disposed  to  accept  the 
usual  opinions  on  the  subject  of  creation,  was  allowed,  perhaps  very 
imjustly,  to  weigh  strongly  against  them  in  the  public  opinion. 

While  the  rest  of  Europe  had  a  decided  bias  towards  the  doctrine  of 
geological  catastrophes,  the  phenomena  of  Italy,  which,  as  we  have 
seen,  had  already  tended  to  soften  the  rigor  of  that  doctrine,  in  the 
progress  of  speculation  from  Steno  to  Generelli,  were  destined  to  miti- 
gate it  still  more,  by  converting  to  tlie  belief  of  uniformity  transalpine 
geologists  who  had  been  bred  up  in  the  catastrophist  creed.  This 
effect  was,  indeed,  gradual.  For  a  time  the  distinction  of  the  recent 
and  the  tertiary  period  was  held  to  be  marked  and  strong.  Brocchi 
asserted  that  a  large  portion  of  the  Sub-Apennine  fossil  shells  belonged 
to  a  living  species  of  the  Mediterranean  Sea :  but  the  geologists  of  the 
rest  of  Europe  turned  an  incredulous  ear  to  this  Italian  tenet ;  and  the 
persuasion  of  the  distinction  of  the  tertiary  and  the  recent  period  was 
deeply  impressed  on  most  geologists  by  the  memorable  labors  of 
Cuvier  and  Brongniart  on  the  Paris  basin.  Still,  as  other  tertiary 
deposits  were  examined,  it  was  found  that  they  could  by  no  means  be 
considered  as  contemporaneous,  but  that  they  formed  a  chain  of  posts, 
advancing  nearer  and  nearer  to  the  recent  period.  Above  the  strata 
of  the  basins  of  London  and  Paris,*  lie  the  newer  strata  of  Touraine, 
of  Bourdeaux,  of  the  valley  of  the  Bormida  and  the  Superga  near 
Turin,  and  of  the  basin  of  Vienna,  explored  by  M.  Constant  Prevost, 
Newer  and  higher  still  than  these,  are  found  the  Sub-Apennine  forma- 
tions of  Northern  Italy,  and  probably  of  the  same  period,  the  English 
**  crag  "  of  Norfolk  and  Suffolk.  And  most  of  these  marine  formations 
are  associated  with  volcanic  products  and  fresh-water  deposits,  so  as  to 
imply  apparently  a  long  train  of  alternations  of  corresponding  pro- 
cesses. It  may  easily  be  supposed  that,  when  the  subject  had  assumed 
this  foun,  the  boundary  of  the  present  and  past  condition  of  the  earth 


*  Lyell,  I  4,  p.  94.  *  Lyell,  Ist  ed.  vol  ill  p.  61. 
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was  in  some  measure  obscured.    But  it  was  not  long  before  a  very 
able  attempt  was  made  to  obliterate  it  altogether.    In  1828,  Mr.  Lyd! 
set  out  on  a  geological  tour  through  France  and  Italy.*     He  had 
already  conceived  the  idea  of  classing  the  tertiary  groups  by  reference 
to  the  number  of  recent  species  which  were  found  in  a  fossil  state. 
But  as  he  passed  from  the  north  to  the  south  of  Italy,  he  found,  bj 
communication  with  the  best  fossil  conchologists,  Borelli  at  Turin, 
Guidotti  at  Farroa,  Costa  at  Naples,  that  the  number  of  extinct  species 
decreased ;  so  that  the  last-mentioned  naturalist,  from  an  examination 
of  the  fossil  shells  of  Otranto  and  Calabria,  and  of  the  neighboring 
seas,  was  of  opinion  that  few  of  the  tertiary  shells  were  of  extinct  spe- 
cies.   To  complete  the  series  of  proof,  Mr.  Lyell  himself  explored  tiie 
strata  of  Ischia,  and  found,  2000  feet  above  the  level  of  the  sea,  sheUa, 
which  were  all  pronounced  to  be  of  species  now  inhabiting  the  Medi- 
terranean ;  and  soon  after,  he  made  collections  of  a  similar  descriptioD 
on  tlie  flanks  of  Etna,  in  the  Yal  di  Noto,  and  in  other  places. 

The  impression  produced  by  these  researches  is  described  by  him- 
sch7  "  In  the  course  of  my  tour  I  had  been  frequently  led  to  reflect 
on  the  precept  of  Descartes,  that  a  philosopher  should  once  in  his  life 
doubt  everything  he  had  been  taught ;  but  I  still  retained  so  much 
faith  in  my  early  geological  creed  as  to  feel  the  most  lively  surprize  on 
visiting  Sort! no,  Pcntiilica,  Syracuse,  and  other  parts  of  the  Yal  di 
Noto,  at  beholding  a  limestone  of  enormous  thickness,  filled  with 
recent  shells,  or  sometimes  with  mere  casts  of  shells,  resting  on  marl 
in  which  shells  of  Mediterranean  species  were  imbedded  in  a  high  state 
of  preservation.  All  idea  of  [necessarily]  attaching  a  high  antiquity 
to  a  regularly-stratified  limestone,  in  which  the  casts  and  impressions 
of  shells  alone  were  visible,  vanished  at  once  from  my  mind.  At  the 
same  time,  I  was  struck  with  the  identity  of  the  associated  igneous 
rocks  of  the  Val  di  Noto  with  well-known  varieties  of  *  trap '  in  Scot- 
land and  other  parts  of  Europe  ;  varieties  which  I  had  also  seen  enter- 
ing largely  into  the  structure  of  Etna. 

*^  I  occasionally  amused  myself,"  Mr.  Lyell  adds,  "with  speculating 
on  the  difterent  rate  of  progress  which  geology  might  have  made,  had 
it  been  fii-st  cultivated  with  success  at  Catania,  where  the  phenomena 
above  alluded  to,  and  the  great  elevation  of  the  modern  tertiary  beds 
in  the  Yal  di  Noto,  and  the  changes  produced  in  the  historical  era  by 
the  Calabrian  earthquakes,  would  have  been  familiarly  known." 


•  l8t  ed.  vol  iii.  Pref.  »  Lyell,  let  ed.  Pref.  x. 
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Before  Mr.  Lyell  entered  upon  his  journey,  he  had  put  into  the 
hands  of  the  printer  the  first  volume  of  his  "  Principles  of  Geology, 
being  an  attempt  to  explain  the  former  Changes  of  the  Earth's  Surface 
btf  reference  to  ike  Causes  now  in  Operation^  And  after  viewing  such 
phenomena  as  we  have  spoken  of,  he,  no  doubt,  judged  that  the  doc- 
trine of  catastrophes  of  a  kind  entirely  different  from  the  existing 
course  of  events,  would  never  have  been  generally  received,  <f  geolo- 
gists had  at  first  formed  their  opinions  upon  the  Sicilian  strata.  The 
boundary  separating  the  present  from  the  anterior  state  of  things  crum- 
bled away ;  the  difference  of  fossil  and  recent  species  had  disappeared, 
and,  at  the  same  time,  the  changes  of  position  which  marine  strata  had 
undergone,  although  not  inferior  to  those  of  earlier  geological  periods, 
might  be  ascribed,  it  was  thought,  to  the  same  kind  of  earthquakes  as 
those  which  still  agitate  that  region.  Both  the  supposed  proofs  of 
catastrophic  transition,  the  organical  and  the  mechanical  changes, 
failed  at  the  same  time ;  the  one  by  the  removal  of  the  fact,  the  other 
by  the  exhibition  of  the  cause.  The  powers  of  earthquakes,  even  such 
as  they  now  exist,  were,  it  was  supposed,  if  allowed  to  operate  for  an 
illimitable  time,  adequate  to  produce  all  the  mechanical  effects  which 
the  strata  of  all  ages  display.  And  it  was  declared  that  all  evidence 
of  a  beginning  of  the  present  state  of  the  earth,  or  of  any  material 
alteration  in  the  energy  of  the  forces  by  which  it  has  been  modified  at 
various  epochs,  was  entirely  wanting. 

Other  circumstances  in  the  progress  of  geology  tended  the  same 
way.  Thus,  in  cases  where  there  had  appeared  in  one  country  a  sud- 
den and  violent  transition  from  one  stratum  to  the  next,  it  was  found, 
that  by  tracing  the  formations  into  other  countries,  the  chasm  between 
them  was  filled  up  by  intermediate  strata ;  so  that  the  passage  became 
as  gradual  and  gentle  as  any  other  step  in  the  series.  For  example, 
though  the  conglomerates,  which  in  some  parts  of  England  overlie  the 
coal-measures,  appear  to  have  been  produced  by  a  complete  discon- 
tinuity in  the  series  of  changes ;  yet  in  the  coal-fields  of  Yorkshire, 
Durham,  and  Cumberland,  the  transition  is  smoothed  dowi\in  such  a 
way  that  the  two  formations  pass  into  each  other.  A  similar  passage 
is  observed  in  Central-Germany,  and  in  Thuringia  is  so  complete,  that 
the  coal-measures  have  sometimes  been  considered  as  subordinate  to 
the  todtliegendes,* 

Upon  such  evidence  and  such  arguments,  the  doctrine  of  catastro- 


•  De  la  Beche,  p.  414,  Manual, 
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phes  was  rejected  with  some  contempt  and  ridicule ;  and  it  was  main 
tained,  that  the  operation  of  the  causes  of  geological  change  may  pro- 
perly and  philosophically  ho  held  to  have  been  uniform  through  all 
ages  and  periods.  On  this  opinion,  and  the  grounds  on  which  it  has 
been  urged,  we  shall  make  a  few  concluding  remarks. 

It  must  be  granted  at  once,  to  the  advocates  of  this  geologica' 
uniformity,  that  we  are  not  arbitrarily  to  assume  the  existence  of 
catastrophes.  The  degree  of  uniformity  and  continuity  with  which 
terremotive  forces  have  acted,  must  be  collected,  not  from  any  gratui- 
tous hypothesis,  but  from  the  facts  of  the  case.  We  must  aopposc 
the  causes  which  have  produced  geological  phenomena,  to  have  been 
as  similar  to  existing  causes,  and  as  dissimilar,  as  the  effects  teach  us. 
We  are  to  avoid  all  bias  in  favor  of  powers  deviating  in  kind  and 
degree  from  those  which  act  at  present ;  a  bias  which,  Mr.  Lyell  asserti) 
has  extensively  prevailed  among  geologists. 

But  when  Mr.  Lyell  goes  further,  and  considers  it  a  merit  in  acoone 
of  geological  speculation  that  it  rejects  any  difference  between  the  in- 
tensity of  existing  and  of  past  causes,  wc  conceive  that  he  errs  no  less 
than  those  whom  he  censures.     "  An  earnest  and  patient  endeavor  to 
reconcile  the  former  indication  of  change,"*  with  any  restricted  class 
of  causes, — a  habit  which  he  enjoins, — is  not,  we  may  suggest,  the 
temper  in  which  science  ought  to  be  pursued.     The  effects  must  them- 
selves teach  us  the  nature  and  intensity  of  the  causes  which  have 
operated ;  and  wc  are  in  danger  of  error,  if  we  seek  for  slow  and  shun 
violent  agencies  further  than  the  facts  naturally  direct  us,  no  less  than 
if  we  were  parsimonious  of  time  and  prodigal  of  violence.     Timey  in- 
exhaustible and  ever  accumulating  his  efficacy,  can  undoubtedly  do 
much  for  the  theorist  in  geology  ;  but  Force,  whose  limits  we  cannot 
measure,  and  whose  nature  we  cannot  fathom,  is  also  a  power  never 
to  be  slighted :  and  to  call  in  the  one  to  protect  us  from  the  other,  is 
equally  presumptuous,  to  whichever  of  the  two  our  superstition  leans. 
To  invoke  Time,  with  ten  thousand  earthquakes,  to  overturn  and  set 
on  edge  a  mountain-chain,  should  the  phenomena  indicate  the  change 
to  have  been  sudden  and  not  successive,  would  be  ill  excused  by  plead- 
ing the  obligation  of  first  appealing  to  known  causes." 


*  Lyell,  B.  iv.  c.  i.  p.  328,  4th  ed. 

"  [2n(i  Ed,]  [I  have,  in  the  text,  quoted  the  fourth  edition  of  Mr.  LyelVs 
Principles,  in  which  he  recommends  **an  earnest  and  patient  endeavor  to  re- 
concile the  former  indications  of  cliange  with  the  evidence  of  gradual  mutatioc 
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In  truth,  we  know  causes  only  by  their  effects ;  and  in  order  to 
learn  the  nature  of  the  causes  which  modify  the  earth,  we  must  study 
them  through  all  ages  of  their  action,  and  not  select  arbitrarily  the 
period  in  which  we  live  as  the  standard  for  all  other  epochs.  The 
forces  which  have  produced  the  Alps  and  Andes  are  known  to  us  by 
experience,  no  less  than  the  forces  which  have  raised  Etna  to  its  pre- 
sent height ;  for  we  learn  their  amount  in  both  cases  by  their  results. 
Why,  then,  do  we  make  a  merit  of  using  the  latter  case  as  a  measure 
for  the  former  ?  Or  how  can  we  know  the  true  scale  of  such  force, 
except  by  comprehending  in  our  view  all  the  facts  which  we  can  bring 
together  ? 

In  reality  when  we  speak  of  the  uniformity  of  nature,  are  we  not 
obliged  to  use  the  terra  in  a  very  large  sense,  in  order  to  make  the 
doctrine  at  all  tenable  ?  It  includes  catastrophes  and  convulsions  of  a 
very  extensive  and  intense  kind ;  what  is  the  limit  to  the  violence 
which  we  must  allow  to  these  changes  ?  In  order  to  enable  ourselves 
to  represent  geological  causes  as  operating  with  uniform  energy  through 
all  time,  we  must  measure  our  time  by  long  cycles,  in  which  repose 
and  violence  alternate ;  how  long  may  we  extend  this  cycle  of  change, 
the  repetition  of  which  we  express  by  the  word  uniformity  ? 

And  why  must  we  suppose  that  all  our  experience,  geological  as 
well  as  historical,  includes  more  than  one  such  cycle  ?  Why  must 
we  insist  upon  it,  that  man  has  been  long  enough  an  observer  tg  obtain 
the  average  of  forces  which  are  changing  through  immeasurable  time  ? 


now  in  progresa."  In  the  sixth  edition,  in  that  which  is,  I  presume,  the  cor- 
responding passage,  although  it  is  transferred  from  the  fourth  to  the  first  Book 
(R  i  e.  ziii  p.  325)  he  reconmiends,  instead,  "  an  earnest  and  patient  inquiry 
how  far  geological  appearances  are  reconcileable  with  the  effect  of  changes 
now  in  progress."  But  while  Mr.  Lyell  has  thus  softened  the  advocate's  charac- 
ter in  his  language  in  this  passage,  the  transposition  which  I  have  noticed 
appears  to  me  to  have  an  opposite  tendency.  For  in  the  former  edition,  the 
causes  now  in  action  were  first  described  in  the  second  and  third  Books,  and 
the  great  problem  of  Geology,  stated  in  the  first  Book,  was  attempted  to  be 
solved  in  the  fourth.  But  by  incorporating  this  fourth  Book  with  the  first, 
and  thns  prefixing  to  the  study  of  existing  causes  arguments  against  the  belief 
of  their  geological  insufficiency,  there  is  an  appearance  as  if  the  author  wished 
his  reader  to  be  prepared  by  a  previous  pleading  against  the  doctrine  of  cata- 
strophes, before  he  went  to  the  study  of  existing  causes.  The  Doctrines  of  Cata- 
strophes and  of  Uniformity,  and  the  other  leading  questions  of  the  Palcetiologi- 
cal  Sciences,  ore  further  discussed  in  the  Philosophy  of  the  Inductive  Sciences, 
Bookx] 

Vol.  ir.— 88. 
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may  assume  some  resemblance  or  connexion  between  the  principles 
which  determined  the  progress  of  government,  or  of  society,  or  of 
literature,  in  the  earliest  ages,  and  those  which  now  operate ;  but  who 
has  speculated  successfully,  assuming  an  identity  of  such  causes  ? 
Where  do  we  now  find  a  language  in  the  process  of  formation, 
unfolding  itself  in  inflexions,  terminations,  changes  of  vowels  by  gram- 
matical relations,  such  as  characterize  the  oldest  known  languages  ? 
Where  do  we  see  a  nation,  by  its  natural  faculties,  inventing  writing, 
or  the  arts  of  life,  as  we  find  them  in  the  most  ancient  civilized 
nations?  We  may  assume  hypothetically,  that  man's  faculties 
develop  themselves  in  these  ways ;  but  we  see  no  such  effects  pro- 
duced by  these  faculties,  in  our  own  time,  and  now  in  progress,  with- 
out the  influence  of  foreigners. 

Is  it  not  clear,  in  all  these  cases,  that  history  does  not  exhibit  a 
series  of  cycles,  the  aggregate  of  which  may  be  represented  as  a  uni- 
form state,  without  indication  of  origin  or  termination  ?  Does  it  not 
rather  seem  evident  that,  in  reality,  the  whole  course  of  the  world,  from 
the  earliest  to  the  present  times,  is  but  one  cycle,  yet  unfinished ; — 
offering,  indeed,  no  clear  evidence  of  the  mode  of  its  beginning ;  but 
still  less  entitling  us  to  consider  it  as  a  repetition  or  series  of  repetitions 
of  what  had  gone  before  ? 

Thus  we  find,  in  the  analogy  of  the  sciences,  no  confirmation  of  the 
doctrine  of  uniformity,  as  it  has  been  maintained  in  Geology.  Yet  we 
discern,  in  this  analogy,  no  ground  for  resigning  our  hope,  that  future 
researches,  both  in  Geology  and  in  other  palsBtiological  sciences,  may 
throw  much  additional  light  on  the  question  of  the  uniform  or  cata- 
strophic progress  of  things,  and  on  the  earliest  history  of  the  earth  and 
of  man.  But  when  we  see  how  wide  and  complex  is  the  range  of 
speculation  to  which  our  analogy  has  referred  us,  we  may  well  be  dis- 
posed to  pause  in  our  review  of  science  ; — to  survey  from  our  present 
position  the  ground  that  we  have  passed  over ; — and  thus  to  collect, 
so  far  as  we  may,  guidance  and  encouragement  to  enable  us  to  advance 
in  the  track  which  lies  before  us. 

Before  we  quit  the  subject  now  under  consideration,  we  may,  how- 
ever, observe,  that  what  the  analogy  of  science  really  teaches  us,  as 
the  most  promising  means  of  promoting  this  science,  is  the  strenuous 
cultivation  of  the  two  subordinate  sciences.  Geological  Knowledge  of 
Facts,  and  Geological  Dynamics.  These  are  the  two  provinces  of 
knowledge— corresponding  to  Phenomenal  Astronomy,  and  Mathema- 
tical Mechanics — which  may  lead  on  to  the  epoch  of  the  Newton  of 
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geology.    We  may,  indeed,  readily  believe  that  we  have  much  to  do 
in  both  these  departments.    While  so  large  a  portion  of  the  globe  is 
geologically  unexplored ; — while  all  the  general  views  which  are  to 
cxtena  our  classifications  satisfactorily  from  one  hemisphere  to  another, 
from  one  zone  to  another,  are  still  unformed ;  while  the  organic  fossils 
of  the  tropics  arc  almost  unknown,  and  their  general  relation  to  the 
existing  state  of  things  has  not  even  been  conjectured ; — how  can  we 
expect  to  speculate  rightly  and  securely,  respecting  the  history  of  the 
whole  of  our  globe  ?     And  if  Geological  Classification  and  Description 
are  thus  imperfect,  the  knowledge  of  Geological  Causes  is  still  more  so. 
As  we  have  seen,  the  necessity  and  the  method  of  constructing  a  science 
of  such  causes,  are  only  just  beginning  to  be  perceived.     Here,  then, 
is  the  point  where  the  labors  of  geologists  may  be  usefully  applied; 
and  not  in  premature  attempts  to  decide  the  widest  and  abstrusest 
questions  which  the  human  mind  can  propose  to  itself. 

It  has  been  stated,'*  that  when  the  Geological  Society  of  London 
was  formed,  their  professed  object  was  to  multiply  and  record  observa 
lions,  and  patiently  to  await  the  result  at  some  future  time ;  and  their 
favorite  maxim  was,  it  is  added,  that  the  time  was  not  yet  come  for  a 
General  System  of  Geology.  This  was  a  wise  and  philosophical  tem- 
per, and  a  due  appreciation  of  their  position.  And  even  now,  their 
task  is  not  yet  finished ;  their  mission  is  not  yet  accomplished.  They 
have  still  much  to  do,  in  the  way  of  collecting  Facts ;  and  in  entering 
upon  the  exact  estimation  of  Causes,  they  have  only  just  thrown  open 
the  door  of  a  vast  Labyrinth,  which  it  may  employ  many  generations 
to  traverse,  but  which  they  must  needs  explore,  before  they  can  pene- 
trate to  the  Oracular  Chamber  of  Truth. 


I  REJOICE,  on  many  accounts,  to  find  myself  arriving  at  the  termina- 
tion of  the  task  which  I  have  attempted.  One  reason  why  I  am  glad 
to  close  my  history  is,  that  in  it  I  have  been  compelled,  especially  in 
the  latter  part  of  my  labors,  to  speak  as  a  judge  respecting  eminent 
philosophers  whom  I  reverence  as  my  Teachei-s  in  those  very  sciences 
on  which  I  have  had  to  pronounce  a  judgment ; — if,  indeed;  even  the 
appellation  of  Pupil  be  not  too  presumptuous.  But  I  doubt  not  that 
such  men  are  as  full  of  candor  and  tolerance,  as  they  are  of  knowledge 
and  thought.     And  if  they  deem,  as  I  did,  that  such  a  history  of 
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ience  ought  to  be  attempted,  they  will  know  that  it  was  not  only  the 
storian's  privilege,  but  his  duty,  to  estimate  the  import  and  amount 

the  advances  which  he  had  to  narrate ;  and  if  they  judge,  as  I  trust 
ey  will,  that  the  attempt  has  been  made  with  full  integrity  of  inten- 
m  and  no  want  of  labor,  they  will  look  upon  the  inevitable 
iperfections  of  the  execution  of  my  work  with  indulgence  and 
>pe. 

There  is  another  source  of  satisfaction  in  arriving  at  this  point  of 
y  labors.  If,  after  our  long  wandering  through  the  region  of 
lysical  science,  we  were  left  with  minds  unsatisfied  and  unraised,  to 
k,  **  Whether  this  be  all  ?" — our  employment  might  well  be  deemed 
3ary  and  idle.  If  it  appeared  that  all  the  vast  labor  and  intense 
ought  which  has  passed  under  our  review  had  produced  nothing  but 
barren  Knowledge  of  the  external  world,  or  a  few  Arts  ipinistering 
erely  to  our  gratification;  or  if  it  seemed  that  the  methods  of 
riving  at  truth,  so  successfully  applied  in  these  cases,  aid  us  not 
ben  we  come  to  the  higher  aims  and  prospects  of  our  being ; — this 
istory  might  well  be  estimated  as  no  less  melancholy  and  unprofit- 
Je  than  those  which  narrate  the  wars  of  states  and  the  wiles  of 
itesmen.  But  such,  I  trust,  is  not  the  impression  which  our  survey 
IS  tended  to  produce.  At  various  points,  the  researches  which  we 
ive  followed  out,  have  ofiered  to  lead  us  from  matter  to  mind^  from 
e  external  to  the  internal  world  ;  and  it  was  not  because  the  thread 

investigation  snapped  in  our  hands,  but  rather  because  we  were 
solved  to  confine  ourselves,  for  the  present,  to  the  material  sciences, 
at  we  did  not  proceed  onwards  to  subjects  of  a  closer  interest.  It 
ill  appear,  also,  I  trust,  that  the  most  perfect  method  of  obtaining 
eculative  truth, — that  of  which  I  have  had  to  relate  the  result, — is 
r  no  means  confined  to  the  least  worthy  subjects ;  but  that  the 
ethods  of  learning  what  is  really  true,  though  they  must  assume 
fferent  aspects  in  cases  where  a  mere  contemplation  of  external 
ijects  is  concerned,  and  where  our  own  internal, world  of  thought, 
sling,  and  will,  supplies  the  matter  of  our  speculations,  have  yet 
unity  and  harmony  throughout  all  the  possible  employments  of  our 
inds.  To  be  able  to  trace  such  connexions  as  this,  is  the  proper 
quel,  and  would  be  the  high  reward,  of  the  labor  which  has  been 
tstowcd  on  the  present  work.  And  if  a  persuasion  of  the  reality  of 
ch  connexions,  and  a  preparation  for  studying  them,  have  been  con- 
yed  to  the  reader's  mind  while  ho  has  been  accompanying  me 
rough  our  long  survey,  his  time  may  not  have  been  employed  on 
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BOOK    VIII 

ACOUSTICS. 

CHAPTER  IIL 
Sound. 


The  Velocity  of  Sound  in  Water. 

THE  Science  of  which  the  history  is  narrated  in  this  Book  has  for 
its  objects,  the  minute  Vibrations  of  the  parts  of  bodies  such  as 
those  by  which  Sounds  are  produced,  and  tlie  properties  of  Sounds. 
The  Vibrations  of  bodies  are  the  result  of  a  certain  tension  of  their 
structure  which  we  term  Elasticity,  The  Elasticity  determines  the  rate 
of  Vibration  :  the  rate  of  Vibration  determines  the  audible  note  :  the 
Elasticity  determines  also  the  velocity  with  which  the  vibration  travels 
through  the  substance.  These  points  of  the  subject,  Elasticity,  Rate 
of  Vibration,  Velocity  of  Propagation,  Audible  Note,  are  connected  in 
each  substance,  and  are  different  in  different  substances. 

In  the  history  of  this  Science,  considered  as  tending  to  a  satisfactory 
general  theory,  the  Problems  which  have  obviously  offered  themselves 
were,  to  explain  the  properties  of  Sounds  by  the  relations  of  their 
constituent  vibrations ;  and  to  explain  the  existence  of  vibrations  by 
the  elasticity  of  the  substances  in  which  they  occurred :  as  in  Optics, 
philosophei's  have  explained  the  phenomenon  of  light  and  colors  by 
the  Undulatory  Theory,  and  are  still  engaged  in  explaining  the  requi- 
site modulations  by  means  of  the  elasticity  of  the  Ether.  But  the 
Undulatory  Theory  of  So^md  was  seen  to  be  true  at  an  early  period 
of  the  Science  :  and  the  explanation,  in  a  general  way  at  least,  of  all 
kinds  of  such  undulations  by  means  of  the  elasticity  of  the  vibrating 
substances  has  been  performed  by  a  series  of  mathematicians  of  whom 
I  have  given  an  account  in  this  Book.  Hence  the  points  of  the  sub- 
iect  already  mentioned  (Elasticity,  Vibrations  and  their  Propagations, 
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and  Note),  have  a  known  material  dependence,  and  each  may  be  era- 
ployed  in  determining  the  other:  for  instance,  the, Note  may  be 
employed  in  determining  the  velocity  of  sound  and  the  elasticity  of 
the  vibrating  substance. 

Chladni,*  and  the  Webers,'  had  made  valuable  experimental  inqui- 
ries on  such  subjects.  But  more  complete  investigations  of  this  kind 
have  been  conducted  with  care  and  skill  by  M.  Wertheim.*  For  in- 
stance, he  has  determined  the  velocity  with  which  sound  travels  in 
water,  by  making  an  organ-pipe  to  sound  by  the  passage  of  watei 
through  it  This  is  a  matter  of  some  diflSculty ;  for  the  mouthpiece 
of  an  organ-pipe,  if  it  be  not  properly  and  carefully  constructed,  pro- 
duces sounds  of  its  own,  which  are  not  the  genuine  musical  note  of 
the  pipe.  And  though  the  note  depends  mainly  upon  the  length  of 
the  pipe,  it  depends  also,  in  a  small  degree,  on  the  breadth  of  the 
pipe  and  the  size  of  the  mouthpiece. 

If  the  pipe  were  a  mere  line,  the  time  of  a  vibration  would  be  the 
time  in  which  a  vibration  travels  from  one  end  of  the  pipe  to  the 
other ;  and  thus  the  note  for  a  given  length  (which  is  determined  by 
the  time  of  vibration),  is  connected  with  the  velocity  of  vibration. 
lie  thus  found  that  the  velocity  of  a  vibration  along  the  pipe  in  sea- 
water  is  1157  metres  per  second. 

But  M.  Wcrtheim  conceived  that  he  had  previously  shown,  by  gene- 
ral mathematical  reasoning,  that  the  velocity  with  which  sound  travels 
in  an  unlimited  expanse  of  any  substance,  is  to  the  velocity  with 
which  it  travels  along  a  pipe  or  linear  strip  of  the  same  substance  as 
the  square  root  of  3  to  the  square  root  of  2.  Hence  the  velocity  of 
sound  in  sea-water  would  be  1454  metres  a  second.  The  velocity  of 
sound  in  air  is  332  metres. 

M.  Wcrtheim  also  employed jthe  vibrations  of  rods  of  steel  and  othef 
metals  in  order  to  determine  their  modulus  of  elastUity — that  is,  the 
quantity  which  determines  for  each  substance,  the  extent  to  which,  in 
virtue  of  its  elasticity,  it  is  compressed  and  expanded  by  given  pres- 
sures or  tensions.  For  this  purpose  he  caused  the  rod  to  vibrate  near 
to  a  tuning-fork  of  given  pitch,  so  that  both  the  rod  and  the  tuning- 
fork  by  their  vibrations  traced  undulating  curves  on  a  revolving  disk 
The  curves  traced  by  thetwo  could  be  compared  so  as  to  give  their 
relative  rate,  and  thus  to  determine  the  elasticity  of  the  substance. 


*  Traite  d'Acouslique,  1809.  '   WelUnlehre,  1852. 

•  Memoiret  de  Physique  Mkanique.     Paris,  1848. 


BOOK    IX. 


PHYSICAL    OPTICa 


Photography. 

I  HAVE,  at  the  end  of  Chapter  xi^  stated  that  the  theory  of  whicii 
I  have  endeavored  to  sketch  the  history  professes  to  explain  only 
the  phenomena  of  radiant  visible  light ;  and  that  though  we  know 
that  light  has  other  properties — for  instance,  that  it  produces  chemical 
effects — these  are  not  contemplated  as  included  within  the  domain  of 
the  theory.  The  chemical  effects  of  light  cannot  as  yet  be  included 
in  exact  and  general  truths,  such  as  those  which  constitute  the  undu- 
latory  theory  of  radiant  visible  light  But  though  the  present  age 
has  not  yet  attained  to  a  Science  of  the  chemistry  of  Light,  it  has 
been  enriched  with  a  most  exquisite  Art^  which  involves  the  principles 
of  such  a  science,  and  may  hereafter  be  made  the  instrument  of  bring- 
ing them  into  the  view  of  the  philosopher.  I  speak  of  the  Art  of 
Photography^  in  which  chemistry  has  discovered  the  means  of  pro- 
ducing surfaces  almost  as  sensitive  to  the  modifications  of  light  as  the 
n^ost  sensitive  of  organic  textures,  the  retina  of  the  eye :  and  has 
given  permanence  to  images  which  in  the  eye  are  only  momentary 
impressions.  Hereafter,  when  the  laws  shall  have  been  theoretically 
established,  which  connect  the  chemical  constitution  of  bodies  with 
the  action  of  light  upon  them,  the  prominent  names  in  the  Prelude  to 
such  an  Epoch  must  be  those  who  by  their  insight,  invention,  and 
perseverance,  discovered  and  carried  to  their  present  man'cllous  per- 
fection the  processes  of  photographic  Art : — Niepce  and  Daguerre  in 
France,  and  our  own  accomplished  countryman,  Mr.  Fox  Talbot. 

Fluorescence, 

As  already  remarked,  it  is  not  within  the  province  of  the  undulatory 
theory  to  explain  the  phenomena  of  the  absorption  of  light  which  take 
place  in  various  ways  when  the  light  is  transmitted  through  various 
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mediums.  I  have,  at  the  end  of  Chapter  iii.,  given  the  reasons  whicb 
prevent  my  assenting  to  the  assertion  of  a  special  analysis  of  light  by 
absorption.  In  the  same  manner,  with  regard  to  other  effects  pro- 
duced by  media  upon  light,  it  is  sufficient  for  the  defence  of  the  theory 
that  it  should  be  consistent  with  the  possibility  of  the  laws  of  pheno- 
mena which  are  observed,  not  that  it  should  explain  those  laws ;  for 
they  belong,  apparently,  to  another  province  of  philosophy. 

Some  of  the  optical  properties  of  bodies  which  have  recently 
attracted  notice  appear  to  be  of  this  kind.  It  was  noticed  by  Sir  John 
HerscheV  that  a  certain  liquid,  sulphate  of  quinine,  which  is  under  com- 
mon circmnstances  colorless,  exhibits  in  certain  aspects  and  under  cer- 
tain incidences  of  light,  a  beautiful  celestial  blue  color.  It  appeared 
that  this  color  proceeded  from  the  surface  on  which  the  light  first  fell; 
and  color  thus  produced  Sir  J.  Herschel  called  epipolic  colors,  and 
spoke  of  the  light  as  epipolized.  Sir  David  Brewster  had  previously 
noted  effects  of  color  in  transparent  bodies  which  he  ascribed  to  inter- 
nal dispersion  :*  and  he  conceived  that  the  colors  observed  by  Sir  J. 
Herschel  were  of  the  same  class.  Professor  Stokes*  of  Cambridge 
applied  himself  to  the  examination  of  these  phenomena,  and  was  led 
to  the  conviction  that  they  arise  from  a  power  which  certain  bodies 
possess,  of  changing  the  color,  and  with  it,  the  refrangibility  of  the 
rays  of  light  which  fall  upon  them :  and  he  traced  this  property  in 
various  substances,  into  various  remarkable  consequences.  As  this 
change  of  refrangibility  always  makes  the  rays  less  refrangible,  it  was 
proposed  to  call  it  a  degradation  of  the  light;  or  again,  dependent 
emission^  because  the  light  is  emitted  in  the  manner  of  self-luminous 
bodies,  but  only  in  dependence  upon  the  active  rays,  and  so  long  as 
the  body  is  under  their  influence.  In  this  respect  it  differs  from  phos- 
phorescence^ in  which  light  is  emitted  without  such  dependence.  The 
phenomenon  occure  in  a  conspicuous  and  beautiful  manner  in  certain 
kinds  of  fluor  spar  :  and  the  term  fluorescence^  suggested  by  Professor 
Stokes,  has  the  advantage  of  inserting  no  hypothesis,  and  will  probably 
be  found  the  most  generally  acceptable.* 

It  may  be  remarked  that  Professor  Stokes  rejects  altogetlier  the 
doctrine  that  light  of  definite  refrangibility  may  still  be  compound, 
and  maybe  analysed  by  absorption.  He  says,  "I  have  not  overlooked 
the  remarkable  effect  of  absorbing  media  in  causing  apparent  changes 


>  Phil  Trans,  1845.  ^  Edinh.  TrafU,  1883. 

•  Phil.  Trans.  1852  and  1854.  •  See  Phil.  Trans.  1862. 
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of  color  in  a  pure  spectrum ;  but  this  I  believe  to  be  a  subjective  phe- 
nomenon depending  upon  contrast/' 


CHAPTER  Xni. 
TJndulatory  Theory. 


Direction  of  the  Transverse  Vibrations  in  Polarization, 

r\  the  conclusion  of  Chapter  xiii.  I  have  stated  that  there  is  a  point 
in  the  undulatory  theory  which  was  regarded  as  left  undecided  by 
Young  and  Fresncl,  and  on  which  the  two  different  opinions  have  been 
maintained  by  different  mathematicians;  namely,  whether  the  vibra- 
tions of  polarized  light  are  perpendicular  to  the  plane  of  polarization 
or  in  that  plane.  Professor  Stokes  of  Cambridge  has  attempted  to 
solve  this  question  in  a  manner  which  is,  theoretically,  exceedingly 
ingenious,  though  it  is  difficult  to  make  the  requisite  experiments  in  a 
decisive  manner.    The  method  may  be  briefly  described. 

If  polarized  light  be  diffracted  (see  Chap.  xi.  sect.  2),  each  ray  will  be 
bent  from  its  position,  but  will  still  be  polarized.  The  original  ray  and 
the  diffracted  ray,  thus  forming  a  broken  line,  may  be  supposed  to  be  con- 
nected at  the  angle  by  a  universal  joint  (called  a  Hookers  Joint),  such 
that  when  the  original  ray  turns  about  its  axis,  the  diffracted  ray  also 
turns  about  its  axis ;  as  in  the  case  of  the  long  handle  of  a  telescope 
and  the  screw  which  is  turned  by  it.  Now  if  the  motion  of  the  origi- 
nal ray  round  its  axis  be  uniform,  the  motion  of  the  diffracted  ray 
round  its  axis  is  not  uniform  :  and  hence  i^  in  a  series  of  cases,  the 
planes  of  polarization  of  the  original  ray  differ  by  equal  angles,  in  the 
diffracted  ray  the  planes  of  polarization  will  differ  by  unequal  angles. 
Then  if  vibrations  be  perpendicular  to  the  plane  of  polarization,  the 
planes  of  polarization  in  the  diffracted  rays  will  be  crowded  together 
in  the  neighborhood  of  the  plane  in  which  the  diffraction  takes  place, 
and  will  be  more  rarely  distributed  in  the  neighborhood  of  the  plane 
perpendicular  to  this,  in  which  is  the  diffracting  thread  or  groove. 

On  making  the  experiment.  Prof.  Stokes  conceived  that  he  found, 
in  his  experiments,  such  a  crowding  of  the  planes  of  diffracted  polari- 
zation towards  the  plane  of  diffraction ;  and  thus  he  held  that  the 
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be  done.  His  object  was  to  determine  the  velocity  of  the  electric 
shock.  His  apparatus  consisted  in  a  small  mirror,  turning  with  great 
velocity  about  an  axis  which  is  in  its  own  plane,  like  a  coin  spinning 
on  its  edge.  The  velocity  of  spinning  may  be  made  so  great,  that  an 
object  reflected  shall  change  its  place  perceptibly  after  an  almost  incon- 
ceivably small  fraction  of  a  second.  The  application  of  this  contri- 
vance to  measure  the  velocity  of  light,  was,  at  the  suggestion  of  Arago, 
who  had  seen  the  times  of  the  rival  theories  of  light,  undertaken  by 
younger  men  at  Paris,  his  eyesight  not  allowing  him  to  prosecute  such 
a  task  himself.  It  was  necessary  that  the  mirrors  should  turn  more  than 
1000  times  in  a  second,  in  order  that  the  two  images,  produced,  one 
by  light  coming  through  air,  and  the  other  by  light  coming  through 
an  equal  length  of  water,  should  have  places  perceptibly  diflferent. 
The  mechanical  diflSculties  of  the  experiment  consisted  in  keeping  up 
this  great  velocity  by  the  machinery  without  destroying  the  machinery, 
and  in  transmitting  the  light  without  too  much  enfeebling  it.  These 
diflSculties  were  overcome  in  1850,  by  M.  Fizeau  and  M.  L^onFoucault 
separately :  and  the  result  was,  that  the  velocity  of  light  was  found  to 
be  less  in  water  than  in  air.  And  thus  the  Newtonian  explanation  of 
refraction,  the  last  remnant  of  the  Emissior.  Theory,  was  proved  to  be 
fidse. 
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a  power  of  the  temperature  can  represent  the  experiments.  He  also 
finds  that  the  rule  of  Dalton  (that  as  the  temperatures  increase  in 
arithmetical  progression,  the  elastic  force  increases  in  geometric  pro- 
gression) deviates  from  the  observations,  especially  at  high  temperatures. 
Dalton's  rule  would  be  eicpressed  by  saying  that  the  variable  part  of 
the  elastio  force  is  as  a',  where  t  is  the  temperature.  This  failing,  M. 
Regnault  makes  trial  of  a  formula  suggested  by  M.  Biot,  consisting  of 
a  sum  of  two  terms,  one  of  which  is  as  a\  and  the  other  as  6' :  and  in 
this  way  satisfies  the  experiments  very  closely.  But  this  can  only  be 
considered  as  a  formula  of  interpolation,  and  has  no  theoretical  basis. 
M.  Roche  had  proposed  a  formula  in  which  the  force  is  as  a',  z  depend- 
ing upon  the  temperature  by  an  equation*  to  which  he  had  been  led 
by  theoretical  considerations.  This  agrees  better  with  observation  than 
any  other  formula  which  includes  only  the  same  number  of  coeflS- 
cients. 

Among  the  experimental  thermotical  laws  referred  to  by  M.  Reg 
nault  are,  the  Law  of  Watt,*  that  "  the  quantity  of  heat  which  is  requir- 
ed to  convert  a  pint  of  water  at  a  temperature  of  zero  into  steam,  is  tho 
same  whatever  be  the  pressure."  Also,  the  Law  of  Southern,  that  "the 
latent  heat  of  vaporization,  that  is  the  heat  absorbed  in  the  passage 
from  the  liquid  to  the  gaseous  consistence,  is  constant  for  all  purposes  : 
and  that  we  obtain  the  total  heat  in  adding  to  the  constant  latent  heat 
the  number  which  represents  the  latent  heat  of  steam."  Southern 
found  the  latent  heat  of  the  steam  of  water  to  be  represented  by  about 
950  degrees  of  Fahrenheit.* 

Sect,  5. — Temperature  of  the  Atmosphere, 

I  MAY  notice,  as  important  additions  to  our  knowledge  on  this  subject, 
the  results  of  four  balloon  ascents  made  in  1852,*  by  the  Committee  of 
the  Meteorological  Observatory  established  at  Kew  by  the  British  Associa- 
tion for  the  Advancement  of  Science.  In  these  ascents  the  observers 
mounted  to  more  than  13,000, 18,000,  and  19,000  feet,  and  in  the  last  to 
22,370 ;  by  which  ascent  the  temperature  fell  from  49  degrees  to 
nearly  10  degrees  below  zero;  and  the  dew-point  fell  from 3*7°  to  12°. 
Perhaps  the  most  marked  result  of  these  observations  is  the  following: — 


•  The  equation  z  =  ^         » 

•  See  Robison's  Mechanical  Philosophy,  vol  11  p.  8. 

•  Ih.  p.  160.  *  Phil,  Trans,  1863. 
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difficult  to  measure  all  the  heat  gained  or  lost  in  any  of  the  changes 
here  contemplated.  That  friction,  agitation  of  fluids,  condensation  of 
gases,  conversion  of  gases  into  fluids  and  liquids  into  solids,  produce 
heat,  is  undoubted :  and  that  the  quantity  of  such  heat  may  be  mea- 
sured by  the  mechanical  fcrco  which  produces  it,  or  which  it  produces, 
is  a  generalization  which  will  very  likely  be  found  a  fertile  source  of 
new  propositions,  and  probably  of  important  consequences. 

As  an  example  of  the  conclusions  which  Professor  Thomson  draws 
from  this  doctrine  of  the  mutual  conversion  of  motion  and  heat,  I  may 
mention  his  speculations  concerning  the  cause  which  produces  and  sus- 
tains the  heat  of  the  sun.*  He  conceives  that  the  support  of  the  solar 
heat  must  be  meteoric  matter  which  is  perpetually  falling  towards  the 
globe  of  the  sun,  and  has  its  motion  converted  into  heat.  He  inclines 
to  think  that  the  meteors  containing  the  stores  of  energy  for  future 
Sun-light  must  be  principally  within  the  earth's  orbit ;  and  that  we 
actually  see  them  there  as  the  "  Zodiacal  Light,"  an  illuminated  shower, 
or  rather  tornado,  of  stones.  The  inner  parts  of  this  tornado  are 
always  getting  caught  in  the  Sun's  atmosphere,  and  drawn  to  his  mass 
by  gravitation. 


'  On  the  Mechanical  Energies  of  the  Solar  System.    JE^nb.  TVant.  yoL  zxL 
parti(1854)»p.  67. 
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ELECTTRICITY. 


GENERAL  REMARKS. 


ELECTRICITY  in  the  form  in  which  it  was  originally  studied— 
Franklinic,  frictional,  or  statical  electricity — ^has  been  so  com- 
pletely identified  with  electricity  in  its  more  comprehensive  fonn — 
Voltaic,  chemical,  or  dynamical  electricity — that  any  additions  we 
might  have  to  make  to  the  history  of  the  earlier  form  of  the  subject 
are  included  in  the  later  science. 

There  arc,  however,  several  subjects  which  may  still  be  regarded 
rather  as  branches  of  Electricity  than  of  the  Cognate  Sciences.  Such 
are,  for  instance.  Atmospheric  Electricity,  with  all  that  belongs  to 
Thunderstorms  and  Lightning  Conductors.  The  observation  of 
Atmospheric  Electricity  has  been  prosecuted  with  great  zeal  at 
various  meteorological  observatories ;  and  especially  at  the  Observa- 
tory established  by  the  British  Association  at  Kew.  The  Aurora 
Borealis,  again,  is  plainly  an  electrical  phenomenon;  but  probably 
belonging  rather  to  dynamical  than  to  statical  electricity.  For  it 
strongly  affects  the  magnetic  needle,  and  its  position  has  reference  to 
the  direction  of  magnetism  ;  but  it  has  not  been  observed  to  affect  the 
electroscope.  The  general  features  of  this  phenomenon  have  been 
described  by  M.  de  Ilumboklt,  and  more  recently  by  M.  de  Bravais ; 
and  theories  of  the  mode  of  its  production  have  been  propounded  by 
MM.  Biot,  De  la  Rive,  Kaemtz,  and  others. 

i\gain,  there  are  several  fishes  which  have  the  power  of  giving  an 
electrical  shock  : — the  torpedo,  the  gymnotus,  and  the  silurus.  The 
agency  of  these  creatures  has  been  identified  with  electricity  in  the 
most  general  sense.  The  peculiar  energy  of  the  animal  has  been  made 
to  produce  the  effects  which  arc  produced  by  an  electrical  discharge 
or  a  voltaic  current : — not  onlv  to  destroy  life  in  small  animals,  but  to 
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deflect  a  magnet,  to  make  a  magnet,  to  decompose  water,  and  to  pro- 
duce a  spark. 

Dr.  Faraday' 9  Views  of  Statical  Electric  Induction, 

According  to  the  theories  of  electricity  of  -^pinus  and  Coulomb;^ 
which  in  this  Book  of  our  History  are  regarded  as  constituting  a  main 
part  of  the  progress  of  this  portion  of  science,  the  particles  of  the 
electric  fluid  or  fluids  exert  forces,  attractive  and  repulsive,  upon  each 
other  in  straight  lines  at  a  distance,  in  the  same  way  in  which,  in  the 
Newtonian  theory  of  the  universe,  the  particles  of  matter  are  con- 
ceived as  exerting  attractive  forces  upon  each  other.  An  electrized 
body  presented  a  conducting  body  of  any  form,  determines  a  new 
arrangement  of  the  electric  fluids  in  the  conductor,  attracting  the  like 
fluid  to  its  own  side,  and  repelling  the  opposite  fluid  to  the  opposite 
side.  This  is  Electrical  Induction.  And  as,  by  the  theory,  the  at- 
traction is  greater  at  the  smaller  distances,  the  distribution  of  the  fluid 
upon  the  conductor  in  virtue  of  this  Induction  will  not  be  symmetri- 
cal, but  will  be  governed  by  laws  which  it  will  require  a  complex  and 
diflScult  calculation  to  determine — as  we  have  seen  was  the  case  in  the 
investigations  of  Coulomb,  Poisson,  and  others. 

Instead  of  this  action  at  a  distance,  Dr.  Faraday  has  been  led  to 
conceive  Electrical  Induction  to  be  the  result  of  an  action  taking  place 
between  the  electrized  body  and  the  conductor  through  lines  of  con- 
tiguous particles  in  the  mass  of  the  intermediate  body,  which  he  calls 
the  Dielectric,  And  the  irregularities  of  the  distribution  of  the  elec- 
tricity in  these  cases  of  Induction,  and  indeed  the  existence  of  an 
action  in  points  protected  from  direct  action  by  the  protuberant  sides 
of  the  conductor,  arc  the  causes,  I  conceive,  which  lead  him  to  the 
conclusion  that  Induction  takes  place  in  curved  lines^  of  such  contigu- 
ous particles. 

With  reference  to  this,  I  may  remark  that,  as  I  have  said,  the  dis- 
tribution of  electricity  on  a  conductor  in  the  presence  of  an  electrized 
body  is  so  complex  a  mathematical  problem  that  I  do  not  conceive 
any  merely  popular  way  of  regarding  the  result  can  entitle  us  to  say, 
that  the  distribution  which  we  find  cannot  be  explained  by  the  Cou- 
lombian  theory,  and  must  force  us  upon  the  assumption  of  an  action 
m  curved  lines  : — which  is,  indeed,  itself  a  theory,  and  so  vague  a  one 


*  Rcaearcheit  1166,  <kc. 
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that  it  requires  to  be  made  much  more  precise  before  we  can  say 
whact  consequences  it  does  or  does  not  lead  to.  Professor  W.  Thomson 
has  arrived  at  a  mathematical  proof  that  the  effect  of  induction  on  the 
view  of  Coulomb  and  of  Faraday  must,  under  certain  conditions,  be 
necessarily  and  universally  the  same. 

With  regard  to  the  influence  of  different  Dielectrics  upon  Induction, 
the  inquiry  appears  to  be  of  the  highest  importance ;  and  may  cer- 
tainly necessitate  sorae  addition  to  the  theory. 


BOOK    XII 


MAGNETISM. 


Recent  Progress  of  Terrestrial  Magnetis9,» 

r\  Chapter  II.,  I  have  noticed  the  history  of  Terrestrial  Magnetism ; 
Hansteen's  map  published  in  1819;  the  discovery  of  "magnetic 
storms"  about  1825;  the  chain  of  associated  magnetic  observations, 
suggested  by  M.  do  Humboldt,  and  promoted  by  the  British  Associa- 
tion and  the  Royal  Society ;  the  demand  for  the  continuation  of  these 
till  1848 ;  the  magnetic  observations  made  in  several  voyages ;  the 
magnetic  surveys  of  various  countries.  And  I  have  spoken  also  of 
Gauss's  theory  of  Terrestrial  Magnetism,  and  his  directions  and  re- 
quirements concerning  the  observations  to  be  made.  I  may  add  a  few 
words  with  regard  to  the  more  recent  progress  of  the  subject. 

The  magnetic  observations  made  over  large  portions  of  the  Earth's 
surface  by  various  persons,  and  on  the  Ocean  by  British  oflScers,  have 
been  transmitted  to  Woolwich,  where  they  have  been  employed  by 
General  Sabine  in  constructing  magnetic  maps  of  the  Earth  for  the 
year  1840.*  Following  the  course  of  inquiry  described  in  the  part  of 
the  history  referred  to,  these  maps  exhibit  the  declination,  inclination, 
and  intensity  of  the  magnetic  force  at  every  point  of  the  earth's  sur- 
face. The  curves  which  mark  equal  amounts  of  each  of  these  three 
elements  (the  lineg  of  equal  declination^  inclination^  and  force : — the 
isogonal,  the  isoclinal^  and  the  isodynamic  lines,)  are,  in  their  general 
form,  complex  and  irregular ;  and  it  has  been  made  a  matter  of  ques- 
tion (the  facts  being  agreed  upon)  whether  it  be  more  proper  to  say 
that  they  indicate  four  poles,  as  Halley  and  as  Hansteen  said,  or  only 
two  poles,  as  Gauss  asserts.  The  matter  appears  to  become  more  clear 
if  we  draw  magnetic  meridians ;  that  is,  lines  obtained  by  following 
the  directions,  or  pointings,  of  the  magnetic  needle  to  the  north  or  to 


*  Theae  maps  are  published  in  Mr.  Keith  Jolm8tone*8  Physical  Atlas, 
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menon  which  no  one  would  have  guessed  to  be  connected  with  terres- 
trial magnetism,  namely,  the  spots  in  the  Sun.  M.  Schwabe,  of 
Dessau,  had  observed  the  Sun's  disk  with  immense  perseverance  for 
24  years  : — often  examining  it  more  than  300  days  in  the  year ;  and 
had  found  that  the  spots  had,  as  to  their  quantity  and  frequency,  a 
periodical  character.  The  years  of  maximum  are  1828,  1838,  1848, 
in  which  there  were  respectively  226,*  282,  330  groups  of  spots.  The 
minimum  years,  1833,  1843,  had  only  33  and  34  such  groups.  This 
curious  fact'  was  first  made  public  by  M.  de  Humboldt,  in  the  third 
volume  of  his  Kosmos  (1850).  The  coincidence  of  the  periods  and 
epochs  of  these  two  classes  of  facts  was  pointed  out  by  General 
Sabine  in  a  Memoir  presented  to  the  Royal  Society  in  March,  1852. 

Of  course  it  was  natural  to  suppose,  even  before  this  discovery,  that 
the  diurnal  and  annual  inequalities  of  the  magnetic  element  at  eaeh 
place  depend  upon  the  action  of  the  sun,  in  some  way  or  other. 

Dr.  Faraday  had  endeavored  to  point  out  how  the  effect  of  the  solar 
heat  upon  the  atmosphere  would,  according  to  the  known  relations  of 
heat  and  magnetism,  explain  many  of  the  phenomena.  But  this  new 
feature  of  the  phenomena,  their  quinquennial  increase  and  decrease, 
makes  us  doubt  whether  such  an  explanation  can  really  be  the  true 
one. 

Of  the  secular  changes  in  the  magnetic  elements,  not  much  more  is 
known  than  was  known  some  years  ago.  These  changes  go  on,  but 
their  laws  are  imperfectly  known,  and  their  causes  not  even  conjec- 
tured. M.  Hansteen,  in  a  recent  memoir,*  says  that  the  decrease  of 
the  inclination  goes  on  progressively  diminishing.  With  us  this  rate 
of  decrease  appears  to  be  at  present  nearly  uniform.  We  cannot  help 
conjecturing  that  the  sun,  which  has  so  plain  a  connexion  with  the 
diurnal,  annual,  and  occasional  movements  of  the  needle,  must  also 
have  some  connexion  with  its  secular  movements. 

In  1840  the  observations  made  at  various  places  had  to  a  great 
extent  enabled  Gauss,  in  connexion  with  W.  Weber,  to  apply  his 
Theory  to  the  actual  condition  of  the  Earth  ;^  and  he  calculated  the 
Declination,  Inclination,  and  Intensity  at  above  100  places,  and  found 


*  In  1837  there  were  333. 

*  The  observations  up  to  1844  were  published  in  Poggendorf  s  Annalen, 

*  See  K.  Johnstone's  Physical  Atlas. 

*  AtloA  des  JSrdmagneiismus  nach  den  Elementen  der  Theorie Entworfen,    Se« 
Preface. 
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the  agreement,  as  he  says,  far  beyond  his  hopes.    They  show,  he  says, 
that  the  Theory  comes  near  to  the  Truth. 

Correction  of  Ships'  Compasses, 

The  magnetic  needle  had  become  of  importance  when  it  was  found 
that  it  always  pointed  to  the  North.  Since  that  time  the  history  of 
magnetism  has  had  its  events  reflected  in  the  history  of  navigation. 
The  change  of  the  declination  arising  from  a  change  of  place  terrified 
the  companions  of  Columbus.  The  determination  of  the  laws  of  this 
change  was  the  object  of  the  voyage  of  Halley ;  and  has  been  pursued 
with  the  utmost  energy  in  the  Arctic  and  Antarctic  regions  by  naviga- 
tors up  to  the  present  time.  Probably  the  dependence  of  the  magnetic 
declination  upon  place  is  now  known  well  enough  for  the  purposes  of 
navigation.  But  a  new  source  of  difficulty  has  in  the  meantime  come 
into  view  ;  the  eflfect  of  the  iron  in  the  ship  upon  the  Compass.  And 
this  has  gone  on  increasing  as  guns,  cables,  stays,  knees,  have  been 
made  of  iron ;  then  steam-engines  with  funnels,  wheels,  and  screws, 
have  been  added ;  and  finally  the  whole  ship  has  been  made  of  iron. 
How  can  the  compass  be  trusted  in  such  cases  ? 

I  have  already  said  in  the  history  that  Mr.  Barlow  proposed  to  cor- 
rect the  error  of  the  compass  by  placing  near  to  the  compass  an  iron 
plate,  which  from  its  proximity  to  the  compass  might  counterbalance 
magnetically  the  whole  effect  of  the  ship's  iron  upon  the  compass. 
This  correction  was  not  effectual,  because  the  magnetic  forces  of  the 
plate  and  of  the  ship  do  not  change  their  direction  and  value  accord- 
ing to  the  same  law,  with  the  change  of  position.  I  have  further 
stated  that  Mr.  Airy  devised  other  means  of  correcting  the  error.  I 
may  add  a  few  words  on  the  subject ;  for  the  subject  has  been  further 
examined  by  Mr.  Airy'  and  by  others. 

It  appears,  by  mathematical  reasoning,  that  the  magnetic  effect  of 
the  iron  in  a  ship  may  be  regarded  as  producing  two  kinds  of  deviation 
which  are  added  together; — a  "polar-magnet  deviation,"  which 
changes  from  positive  to  negative  as  the  direction  of  the  ship's  keel,  in 
a  horizontal  revolution,  passes  from  semicircle  to  semicircle ;  and  a 
"  qnadrantal  deviation,"  which  changes  from  positive  to  negative  as  the 
keel  turns  from  quadrant  to  quadrant.  The  latter  deviation  may  be 
remedied  completely  by  a  mass  of  unmagnetized  iron  placed  on  a  level 


'  Phil.  Trans,  1856. 
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with  the  compass,  either  in  the  athwartship  line  or  in  the  fore-and-aft 
line,  according  to  circumstances.  "  The  polar-magnet-deviation  "  may 
be  corrected  at  any  given  place  by  a  magnet  or  magnets,  but  the  mag- 
nets thus  applied  at  one  place  will  not  always  correct  the  deviation  in 
another  magnetic  latitude.  For  it  appears  that  this  deviation  arises 
partly  from  a  magnetism  inherent  in  the  materials  of  the  ship,  not 
changing  with  the  change  of  magnetic  position,  and  partly  from  the 
effect  of  terrestrial  magnetism  upon  the  ship's  iron.  But  the  errors 
arising  from  both  sources  may  be  remedied  by  adjusting,  at  a  new 
locality,  the  positions  of  the  corrective  magnets. 

The  inherent  magnetism  of  the  ship,  of  which  I  have  spoken,  may 
be  much  affected  by  the  position  in  which  the  ship  was  built ;  and 
may  change  from  time  to  time ;  for  instance,  by  the  effect  of  the  bat- 
tering of  the  waves,  and  other  causes.  Hence  it  is  called  by  Mr.  Airy 
**  sub-permanent  magnetism." 

Another  method  of  correcting  the  errors  of  a  ship's  compass  has 
been  proposed,  and  is  used  to  some  extent ;  namely,  by  swinging  the 
ship  round  (in  harbor)  to  all  points  of  azimuth,  and  thus  constructing 
a  Table  of  Compass  Errors  for  that  particular  ship.  But  to  this 
method  it  is  objected  that  the  Table  loses  its  value  in  a  new  magnetic 
latitude  much  more  than  the  correction  by  magnets  docs ;  besides  the 
inconveniences  of  steering  a  ship  by  a  Table. 
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of  the  motion  to  these  lines.  Ampere,  on  the  other  hand,  supposed 
the  magnet  to  be  made  up  of  transverse  electric  currents  (chap,  vi.) ; 
and  had  deduced  all  the  facts  of  electro-dynamical  action,  with  great 
felicity,  from  this  conception.  The  question  naturally  arose,  in  what 
manner,  on  this  view,  were  the  new  facts  of  magneto-electric  induction 
by  motion  to  be  explained,  or  even  expressed  ? 

Various  philosophers  attempted  to  answer  this  question.  Perhaps 
the  form  in  which  the  answer  has  obtained  most  general  acceptance 
is  that  in  which  it  was  put  by  Lenz,  who  discoursed  on  the  subject  to 
the  Academy  of  St.  Petersburg  in  1833.'  His  general  rule  is  to  this 
effect :  when  a  wire  moves  in  the  neighborhood  of  an  electric  current 
or  a  magnet,  a  current  takes  place  in  it,  such  as,  existing  independently, 
would  have  produced  a  motion  opposite  to  the  actual  motion.  Thus 
two  parallel /orirarc?  currents  move  towards  each  other  : — hence  if  a 
current  move  towards  a  parallel  wire,  it  produces  in  it  a  backward 
current.  A  moveable  wire  conducting  a  current  downwards  will  move 
round  the  north  pole  of  a  magnet  in  the  direction  N.,  W.,  S.,  E : — 
hence  i^  when  the  wire  have  in  it  no  current,  we  move  it  in  the 
direction  N.,  W.,  S.,  E.,  we  produce  in  the  wire  an  upward  current. 
And  thus,  as  M.  de  la  Rive  remarks,*  in  cases  in  which  the  mutual 
action  of  two  currents  produces  a  limited  motion,  as  attraction  or 
repulsion,  or  a  deviation  right  or  left,  the  corresponding  magneto-elec- 
tric induction  produces  an  instantaneous  current  only ;  but  when  the 
electrodynamic  action  produces  a  continued  motion,  the  corresponding 
motion  produces,  by  induction,  a  continued  current 

Looking  at  this  mode  of  stating  the  law,  it  is  impossible  not  to  regard 
this  effect  as  a  sort  of  reaction ;  and  accordingly,  this  view  was  at  once 
taken  of  it.  Professor  Ritchie  said,  in  1833,  "The  law  is  founded  on 
the  universal  principle  that  action  and  reaction  are  equal."  Thus,  if 
voltaic  electricity  induce  magnetism  under  certain  arrangements,  mag 
netism  will,  by  similar  arrangements,  react  on  a  conductor  and  induce 
voltaic  electricity.* 

There  are  still  other  ways  of  looking  at  this  matter.  I  have  else- 
where pointed  out  that  where  polar  properties  co-exist,  they  are  gene- 


"  Acad.  Pttrop.  Nov.  29,  1833.     Pogg.  Ann,  voL  xxxi.  p.  483. 

•  Traite  ie  VEUciricxik,  vol.  i  p.  441  (1864). 

*  On  the  Reduction  of  Mr.  Faraday's  discoveries  in  Magneto-electric  Indue 
lion  to  a  General  Law.  Tran%.  of  R.  S.  in  PhiU  Mag.  N.8.  voL  iiL  37,  and  vol 
IT.  p.  11.    In  the  second  edition  of  tliis  history  I  used  the  like  expressions. 
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rally  found  to  be  connected,'  and  have  illustrated  this  law  in  the  case 
of  electrical,  magnetical,  and  chemical  polarities.  If  we  regard  mo- 
tion backwards  and  forwards,  to  the  right  and  the  left,  and  the  like,  as 
polar  relations,  we  see  that  magneto-electric  induction  gives  us  a  new 
manifestation  of  connected  polarities. 

Diamagnetic  Polarity. 

But  the  manifestation  of  co-existent  polarities  which  are  brought 
into  view  in  this  most  curious  department  of  nature  is  not  yet  exhaust- 
ed by  those  which  we  have  described.  I  have  already  spoken  (chap, 
iv.)  of  Dr.  Faraday's  discovery  that  there  are  diamagnetic  as  well  as 
magnetic  bodies ;  bodies  which  are  repelled  by  the  pole  of  a  magnet, 
as  well  as  bodies  which  are  attracted.  Here  is  a  new  opposition  of 
properties.  What  is  the  exact  definition  of  this  opposition  in  con- 
nexion with  other  polarities  ?  To  this,  at  present,  different  philoso- 
phers give  different  answers.  Some  say  that  diamagnetism  is  com- 
pletely the  opposite  of  ordinary  magnetism,  or,  as  Dr.  Faraday  has 
termed  it  for  the  sake  of  distinction,  o{ paramar/netlsm.  They  say  that 
as  a  north  pole  of  a  magnet  gives  to  the  neighboring  extremity  of  a 
piece  of  soft  iron  a  south  pole,  so  it  gives  to  the  neighboring  extremi- 
ty of  a  piece  of  bismuth  a  north  pole,  and  that  the  bismuth  becomes 
for  the  time  an  inverted  magnet;  and  hence,  arranges  itself  across  the 
line  of  magnetised  force,  instead  of  along  it.  Dr.  Faraday  himself  at 
first  adopted  this  view  ;'  but  he  now  conceives  that  the  bismuth  is  not 
made  polar,  but  is  simply  repelled  by  the  magnet ;  and  that  the 
transverse  position  which  it  assumes,  arises  merely  from  its  elongated 
form,  each  end  trying  to  recede  as  far  as  possible  from  the  repulsive 
pole  of  the  magnet. 

Several  philosophei*s  of  great  eminence,  however,  who  have 
.examined  the  subject  with  great  care,  adhere  to  Dr.  Faraday's  first 
view  of  the  nature  of  Diamagnetism — as  W.  Weber,^  Pltlcker,  and 
Mr.  Tyndall  among  ourselves.  If  we  translate  this  view  into  the  lan- 
fjjuage  of  Ampere's  theory,  it  comes  to  this : — that  as  currents  are 
induced  in  iron  and  magnetics  parallel  to  those  existing  in  the  inducing 
magnet  or  battery  wire  ;  so  in  bismuth,  heavy  glass,  and  other  diamag- 
netic bodies,  the  currents  induced  are  in  the  contrary  directions : — 


•  Phil.  hid.  Sc.  B.  V.  c.  ii.  °  Faraday's  Researches,  Art  2429,  248a 

^  Poggcndorfs  Ann.  Jotu  1848. 
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these  hypothetical  currents  being  in  non-conducting  diamagnetic,  as  in 
magnetic  bodies,  not  in  the  mass,  but  round  the  particles  of  the  matter. 

Magnet<H)ptic  Effects  and  Magnecrystallic  Polarity. 

Not  even  yet  have  we  terminated  the  enumeration  of  the  co-existent 
polarities  which  in  this  province  of  nature  have  been  brought  into  view.. 
Light  has  polar  properties ;  the  very  terra  polarization  is  the  record  of 
the  discovery  of  these.  The  forces  which  determine  the  crystalline 
forms  of  bodies  are  of  a  polar  nature :  crystalline  forms,  when  complete, 
may  be  defined  as  those  forms  ^hich  have  a  certain  degree  of  symme- 
try in  reference  to  opposite  poles.  Now  has  this  optical  and  crystal- 
line polarity  any  relation  to  the  electrical  polarity  of  which  we  have 
been  speaking  ? 

However  much  we  might  be  disposed  beforehand  to  conjecture  that 
there  is  some  relation  between  these  two  groups  of  polar  properties, 
yet  in  this  as  in  the  other  parts  of  this  history  of  discoveries  respect- 
ing polarities,  no  conjecture  hits  the  nature  of  the  relation,  such  as 
experiment  showed  it  to  be.  In  November,  1846,  Faraday  announced 
the  discovery  of  what  he  then  called  "  the  action  of  magnets  on  light." 
But  this  action  was  manifested,  not  on  light  directly,  but  on  light  pass- 
ing through  certain  kinds  of  glass.*  When  this  glass,  subjected  to  the 
action  of  the  powerful  magnets  which  he  used,  transmitted  a  ray  of 
light  parallel  to  the  line  of  magnetic  force,  an  eflfcct  was  produced 
upon  the  light.  But  of  what  nature  was  this  effect  ?  "When  light  was 
ordinary  light,  no  change  in  its  condition  was  discoverable.  But  if  the 
light  were  light  polarized  in  any  plane,  the  plane  of  polarization  was 
turned  round  through  a  certain  angle  while  the  ray  passed  through  the 
glass : — a  greater  angle,  in  proportion  as  the  magnetic  force  was 
greater,  and  the  thickness  of  the  glass  greater. 

A  power  in  some  respects  of  this  kind,  namely,  a  power  to  rotate 
the  plane  of  polarization  of  a  ray  passing  through  them,  is  possessed 
by  some  bodies  in  their  natural  state ;  for  instance,  quartz  crystals,  and 
oil  of  turpentine.  But  yet,  as  Dr.  Faraday  remarks,*  there  is  a  great 
difference  in  the  two  cases.  When  polarized  rays  pass  through  oil  of 
turpentine,  in  whatever  direction  they  pass,  they  all  of  them  have  their 


•  Silicated  borate  of  lead.    See  Retearches,  §  2151,  Ac.    Also  flint  glase,  rock 
%lt,  water  (2215). 

•  Researches,  Art  2281. 
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plane  of  polarization  rotated  in  the  same  direction ;  that  is,  all  to  the 
right  or  all  to  the  left ;  but  when  a  ray  passes  through  the  heavy  glass, 
the  power  of  rotation  exists  only  in  a  plane  perpendicular  to  the  mag- 
netic line,  and  its  *  direction  as  right  or  left-handed  is  reversed  by 
reversing  the  magnetic  polarity. 

In  this  case,  we  have  optical  properties,  which  do  not  depend  on 
crystalline  form,  affected  by  tbe  magnetic  force.  But  it  has  also  been 
found  that  crystalline  form,  which  is  so  fertile  a  source  of  optical  pro- 
perties, affords  indications  of  magnetic  forces.  In  1847,  M.  Pltlcker," 
of  the  University  of  Bonn,  using  a  powerful  magnetic  apparatus,  simi- 
lar to  Faraday's,  found  that  crystals  in  general  are  magnetic,  in  this 
sense,  that  the  axes  of  crystalline  form  tend  to  assume  a  certain  posi- 
tion with  reference  to  the  magnetic  lines  of  force.  The  possession  of 
one  optic  axis  or  of  two  is  one  of  the  broad  distinctions  of  the  different 
crystalline  forms :  and  using  this  distinction,  M.  Pltlcker  found  that  s 
cr}^stal  having  a  single  optic  axis  tends  to  place  itself  with  this  axis 
transverse  to  the  magnetic  line  of  force,  as  if  its  optic  axis  were  repelled 
by  each  magnetic  pole ;  and  crystals  with  two  axes  act  as  if  each  of 
these  axes  were  repelled  by  the  magnetic  poles.  This  force  is  inde- 
pendent of  the  magnetic  or  diamagnetic  character  of  the  crystal ;  and 
is  a  directive,  more  properly  than  an  attractive  or  repulsive  force. 

Soon  afterwards  (in  1848)  Faraday  also  discovered*'  an  effect  of 
magnetism  depending  on  crystalline  form,  which  at  first  sight  appeared 
to  be  dilTerent  from  the  effects  observed  by  ^f.  Pltlcker.  He  found 
that  a  crystal  of  bismuth,  of  which  the  form  is  nearly  a  cube,  but  more 
truly  a  rhombohedron  with  one  diagonal  a  little  longer  than  the  others, 
tends  to  place  itself  with  this  diagonal  in  the  direction  of  the  lines  of 
magnetic  force.  At  first  he  conceived*"  the  properties  thus  detected 
to  be  different  from  those  observed  by  M.  Pliicker ;  since  in  this  case 
the  force  of  a  crystalline  axis  is  axial,  whereas  in  those,  it  was  equato- 
rial. But  a  further  consideration  of  the  subject,  led  him"  to  a  convic- 
tion that  these  forces  must  be  fundamentally  identical :  for  it  was  easy 
to  conceive  a  combination  of  bismuth  crystals  which  would  behave  in 
the  magnetic  field  as  a  crystal  of  calcspar  does;  or  a  combination  of 
calcspar  crystals  which  would  behave  as  a  crystal  of  bismuth  does. 

And  thus  we  have  fresh  examples  to  show  that  the  Connexion  of  co- 
existent Polarities  is  a  thought  deeply  seated  in  the  minds  of  the  pro- 


"  Taylor's  Scientific  Manoirs,  vol.  v.  *'  Jicsearches,  Art.  2454,  Ac. 

"  Art.  2469.  '"  Art.  2603,  2001. 
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foundest  and  most  sagacious  philosophers,  and  perpetually  verified  and 
illustrated,  by  unforeseen  discoveries  in  unguessed  forms,  through  the 
labors  of  the  most  skilful  experimenters. 

Magnetcy-electnc  Machines, 

The  discovery  that  a  voltaic  wire  moved  in  presence  of  a  magnet, 
has  a  current  generated  in  it,  was  employed  as  the  ground  of  the  con- 
struction of  machines  to  produce  electrical  effects.  In  Saxton's 
machine  two  coils  of  wire  including  a  core  of  soft  iron  revolved  oppo- 
site to  the  ends  of  a  horseshoe  magnet,  and  thus,  as  the  two  coils  came 
opposite  to  the  N.  and  S.,  and  to  the  S.  and  N.  poles  of  the  magnet, 
currents  were  generated  alternately  in  the  wires  in  opposite  directions. 
But  by  arranging  the  connexions  of  the  ends  of  the  wires,  the  success- 
ive currents  might  be  made  to  pass  in  corresponding  directions.  The 
alternations  or  successions  of  currents  in  such  machines  are  governed 
by  a  contrivance  which  alternately  interrupts  and  permits  the  action ; 
this  contrivance  has  been  called  a  rheotome,  Clarke  gave  a  new  form 
to  a  machine  of  the  same  nature  as  Saxton^s.  But  the  like  effect  may 
be  produced  by  using  an  electro-magnet  instead  of  a  common  magnet. 
When  this  is  done,  a  current  is  produced  which  by  induction  produces 
a  current  in  another  wire,  and  the  action  is  alternately  excited  and 
interrupted.  When  the  inducing  current  is  interrupted,  a  momentary 
current  in  an  opposite  direction  is  produced  in  the  induced  wire ;  and 
when  this  current  stops,  it  produces  in  the  inducing  wire  a  current  in 
the  original  direction,  which  may  be  adjusted  so  as  to  reinforce  the 
resumed  action  of  the  original  current.  This  was  pointed  out  by  M. 
De  la  Rive  in  1843."  Machines  have  been  constructed  on  such  prin- 
ciples by  him  and  others.  Of  such  machines  the  most  powerful  hitherto 
known  is  that  constructed  by  M.  Ruhmkorff.  The  effects  of  this 
instrument  are  exceedingly  energetic. 

Applications  of  Electrodynamic  Discoveries. 

The  great  series  of  discoveries  of  which  I  have  had  to  speak  have 
been  applied  in  many  important  ways  to  the  uses  of  life.  The  Elec- 
tric Telegraph  is  one  of  the  most  remarkable  of  these.  By  wires 
extended  to  the  most  distant  places,  the  electric  current  is  transmitte<f 


"  Traitc  de  VElcct.  i.  S91. 
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CHAPTER  IX. 
The  Electro-chemical  Theory. 


AMONG  the  consequences  of  the  Electro-chemical  Theory,  must  be 
ranged  the  various  improvements  which  have  been  made  in  the 
voltaic  battery.  Daniel  introduced  between  the  two  metals  a  partition 
permeable  by  chemical  action,  but  such  as  to  allow  of  two  different 
acid  solutions  being  in  contact  with  the  two  metals.  Mr.  Grove's  bat- 
tery, in  which  the  partition  is  of  porous  porcelain,  and  the  metals  are 
platinum-  and  amalgamated  zinc,  is  one  of  the  most  powerful  hitherto 
known.  Another  has  been  constructed  by  Dr.  Callan,  in  which  the 
negative  or  conducting  plate  is  a  cylinder  of  cast  iron,  and  the  posi- 
tive element  a  cylinder  of  amalgamated  zinc  placed  in  a  porous  cell. 
This  also  has  great  energy. 

The  Numher  of  Elementary  Substances, 

There  have  not  been,  I  believe,  any  well-established  additions  to 
the  list  of  the  simple  substances  recognized  by  chemists.  Indeed  the 
tendency  at  present  appears  to  be  rather  to  deny  the  separate  elemen- 
tary character  of  some  already  announced  as  such  substances.  Pelo- 
pium  and  Niobium  were,  as  I  have  said,  two  of  the  new  metals.  But 
Naumann,  in  his  Elemente  der  Mineralogie  (4th  ed.  1855),  says,  in  a 
foot  note  (page  25) :  "  Pelopium  is  happily  again  got  rid  of;  for 
Pelopic  Acid  and  Niobic  Acid  possess  the  same  Radical.  Donarium 
had  a  still  shorter  existence." 

In  the  same  way,  when  Hermann  imagined  that  he  had  discovered 
a  new  simple  metallic  substance  in  the  mineral  Samarskite  from  Miask, 
the  discovery  was  disproved  by  H.  Rose  {Pogg,  Ann,  B.  73,  s.  449). 
Vor-  II.— 40. 
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In  general  the  insalation  of  the  new  simple  substances,  the  metallic 
bases  of  the  earths,  and  the  like, — their  separation  from  their  combina- 
tions, and  the  exhibition  of  them  in  a  metallic  form — has  been  a  diffi- 
cult chemical  process,  and  has  rarely  been  executed  on  any  considera- 
ble scale.  But  in  the  case  of  Aluminium^  the  basis  of  the  earth 
Alumina,  the  process  of  its  extraction  has  recently  been  so  much 
facilitated,  that  the  metal  can  be  produced  in  abundance.  This  being 
the  case,  it  will  probably  soon  be  applied  to  special  economical  uses, 
for  which  it  is  fitted  by  possessing  special  properties. 
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BY  the  kindness  of  TV!  H.  Miller,  Esq.,  Professor  of  Mineralogy  in 
the  TJniversity  of  Cambridge,  I  am  able  to  add  to  this  part  the 
following  notices  of  books  and  memoirs. 

1.    Crystallography, 

Elemente  der  Krystallographie^  nebst  einer  tabellartschen  Uebersicht 
der  Mineralien  nach  der  Krystallformen,  von  Gustav  Rose.  2. 
Auflage.  Berlin,  1838.  The  crystallographic  method  here  adopted 
is,  for  the  most  part,  that  of  Weiss.  The  method  of  this  work  has 
been  followed  in 

A  System  of  Crystallography,  with  its  Applications  to  Mineralogy. 
By  John  Joseph  GriflBn.  Glasgow,  1841.  Mr.  GriflBn  has,  however, 
modified  the  notation  of  Rose.  He  has  constructed  a  series  of  models 
of  crystalline  forms. 

Frankenheim's  System  der  Krystalle,  1842.  This  work  adopts 
nearly  the  Mohsian  systems  of  crystallization.  It  contains  Tables  of 
,  the  chemical  constitution,  inclinations  of  the  axis,  and  magnitude  of 
the  axes  of  all  the  crystals  of  which  a  description  was  to  be  found, 
including  those  formed  in  the  laboratory,  as  well  as  those  usually 
called  minerals;  713  in  all. 

Fr.  Aug.  Qucnstedt,  Methode  der  Krystallographi^y  1840,  employs  a 
fanciful  method  of  representing  a  crystal  by  projecting  upon  one  face 
of  the  crystal  all  the  other  faces.  This  invention  appears  to  be  more 
curious  than  useful. 

Dr.  Karl  Naumann,  who  is  spoken  of  in  Chap  ix.  of  this  Book,  as 
the  author  of  the  best  of  the  Mixed  Systems  of  Classification,  publish- 
ed also  Grundriss  der  Krystallographie,  Leipzig,  1826.  In  this  and 
other  works  he  modifies  the  notation  of  Mohs  in  a  very  advantageous 
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the  species,  nearly  the  same  angles.  The  advantage  to  be  obtained  by 
such  a  change  would  be  the  simplification  of  the  laws  of  derivation  in 
the  derivative  forms :  and  therefore  we  have  to  ask,  whether  tlie  indices 
of  derivation  are  smaller  numbers  in  this  way  or  with  the  hitherto 
accepted  fundamental  angles.  It  appears  to  me,  from  the  examples 
given,  that  the  advantage  of  simplicity  in  the  indices  is  on  the  side  of 
the  old  system :  but  whether  this  be  so  or  not,  it  was  a  great  benefit 
to  crystallography  to  have  the  two  methods  compared.  Mr.  Brooke's 
Essay  is  a  Memoir  presented  to  the  Royal  Society  in  1866. 

2.   Optical  Properties  of  Minerals, 

The  Handhuch  der  Optik,  von  F.  W.  G.  Radicke,  Berlin,  1839,  con- 
tains a  chapter  on  the  optical  properties  of  crystals.  The  author's 
chief  authority  is  Sir  D.  Brewster,  as  might  be  expected. 

M.  Haidinger  has  devoted  much  attention  to  experiments  on  the 
pleochroi^m  of  minerals.  He  has  invented  an  instrument  which  makes 
the  dichroism  of  minerals  more  evident  by  exhibiting  the  two  colors 
side  by  side. 

The  pleochroism  of  minerals,  and  especially  the  remarkable  clouds 
that  in  the  cases  of  lolite,  Andalusite,  Augite,  Epidote,  and  Axinite, 
border  the  positions  of  either  optical  axis,  have  been  most  succe^fully 
imitated  by  M.  de  Scnarmont  by  means  of  artificial  crystallizations. 
{Ann.  de  Ckim.  3  Ser,  xli.  p.  319.) 

M.  Pasteur  has  found  that  Racemic  Acid  consists  of  two  different 
acids,  having  the  same  density  and  composition.  The  salts  of  these 
acids,  with  bases  of  Ammonia  and  of  Potassa,  are  hemihedral,  the 
hemihedral  faces  which  occur  in  the  one  being  wanting  in  the  other. 
The  acids  of  these  different  crj^stals  have  circular  polarization  of  oppo- 
site kinds.  {Ann,  de  Chim,  3  Ser.  xxviii.  56,  99.)  This  discovery 
was  marked  by  the  assignation  of  the  Rumford  Medal  to  M.  Pasteur 
in  1866. 

M.  Marbach  has  discovered  that  crystals  of  chlorate  of  soda,  which 
apparently  belongs  to  the  cubic  or  tessular  system,  exhibit  hemihedral 
faces  of  a  peculiar  character ;  and  that  the  crystals  have  circular  polar- 
ization of  opposite  kinds  in  accordance  with  the  differences  of  the 
plagihedral  faces.     {Poggendorfs  Annxilen,  xci.  482.) 

M.  Seybolt  of  Vienna  has  found  a  means  of  detecting  plagihedral 
faces  in  quartz  crystals  which  do  not  reveal  them  externally.  {Akad 
d.   Wissenschaft  zu  Wien,  B.  xv.  s.  59.) 
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Botany. 

FOR  the  purpose  of  giving  to  my  reader  some  indication  of  the  pre- 
sent tendency  of  Botanical  Science,  I  conceive  that  I  cannot  do 
better  than  direct  his  attention  to  the  reflections,  procedure,  and  rea- 
sonings which  have  been  suggested  by  the  most  recent  extensions  of 
man's  knowledge  of  the  vegetable  world.  And  as  a  specimen  of  these,  I 
may  take  the  labors  of  Dr.  Joseph  Hooker,  on  the  Flora  of  the  Antarctic 
Regions,*  and  especially  of  New  Zealand.  Dr.  Hooker  was  the  Botanist 
to  an  expedition  commanded  by  Sir  James  Ross,  sent  out  mainly  for  the 
purpose  of  investigating  the  phenomena  of  Terrestrial  Magnetism  near 
the  South  Pole ;  but  directed  also  to  the  improvement  of  Natural  His- 
tory. The  extension  of  botanical  descriptions  and  classifications  to  a 
large  mass  of  new  objects  necessarily  suggests  wider  views  of  the  value 
of  classes  (genera,  species,  &c.,)  and  the  conclusions  to  be  drawn  from 
their  constancy  or  inconstancy.  A  few  of  Dr.  Hooker's  remarks  may 
show  the  nature  of  the  views  taken  under  such  circumstances. 

I  may  notice,  in  the  first  place,  (since  this  work  is  intended  for  gene- 
ral rather  than  for  scientific  readers,)  Dr.  Hooker's  testimony  to  the 
vahie  of  a  technical  descriptive  language  for  a  classificatory  science — 
a  Terminology,  as  it  is  called.  He  says,  "It  is  impossible  to  write  Bo- 
tanical descriptions  which  a  person  ignorant  of  Botany  can  understand, 
although  it  is  supposed  by  many  unacquainted  with  science  that  this 
can  and  should  be  done."  '  And  hence,  he  says,  the  state  of  botanical 
science  demands  Latin  descriptions  of  the  plants ;  and  this  is  a  lesson 
which  he  especially  urges  upon  the  Colonists  who  study  the  indigenous 
plants. 

*  7%«  Botany  of  the  Antarctic  Voyage  of  H.  M.  Discovery  Ships  Erehus  and 
Terror,  in  the  years  l^Z^-AO.    Published  1847.     Flora  Novce  Zelandice.     1853. 
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Dr.  Hooker's  remarks  on  the  limits  of  species,  their  dispersion  and 
variation,  are  striking  and  instructive.  lie  is  of  opinion  that  species 
vary  more,  and  are  more  widely  diflfused,.  than  is  usually  supposed. 
Hence  he  conceives  that  the  number  of  species  has  been  needlessly  and 
erroneously  multiplied,  by  distinguishing  the  specimens  which  occur  in 
different  places,  and  vary  in  unessential  features.  He  says  that  though, 
according  to  the  *owest  estimate  of  compilers,  100,000  is  the  common- 
ly received  number  of  known  plants,  he  thinks  that  half  that  number 
IS  much  nearer  the  truth.  "  This,"  he  says,  "  may  be  well  conceived, 
when  it  is  notorious  that  nineteen  species  have  been  made  of  the  Com- 
mon Potatoc,  and  many  more  of  Solarium  nigrum  alone.  PUri9 
aquilina  has  given  rise  to  numerous  book  species;  Vemonia  cinerea  of 

India  to  fifteen  at  least Many  more  plants  are  common  to 

most  countries  than  is  supposed  ;  I  have  found  60  New  Zealand  flower- 
ing plants  and  9  Ferns  to  be  European  ones,  besides  inhabiting  nume- 
rous intermediate  countries So  long  ago  as  1814,  Mr.  Brown 

drew  attention  to  the  importance  of  such  considerations,  and  gave  a 
list  of  150  European  plants  common  to  Australia." 

As  an  example  of  the  extent  to  which  unessential  differences  may  go, 
he  says  (p.  xvii.,)  "  The  few  remaining  native  Cedars  of  Lebanon  may 
be  abnormal  states  of  the  tree  which  was  once  spread  over  the  whole 
of  the  Lebanon  ;  for  there  arc  now  growing  in  England  varieties  of  it 
which  have  no  existence  in  a  wild  state.  Some  of  them  closely  resemble 
the  Cedars  of  Atlas  and  of  the  Himalayas  (Deodar  ;)  and  the  absence 
of  any  valid  botanical  differences  tends  to  prove  that  all,  though  gene- 
rally supposed  to  be  different  species,  are  one." 

Still  the  great  majority  of  the  species  of  plants  in  those  Southern 
regions  are  peculiar.  "There  are  upwards  of  100  genera,  subgenera,  or 
other  well  marked  groups  of  plants,  entirely  or  nearly  confined  to  New 
Zealand,  Australia,  and  extra-tropical  South  x\merica.  They  are  re- 
presented by  one  or  more  species  in  two  or  more  of  those  countries, 
and  thus  effect  a  botanical  relationship  or  afiinity  between  them  all 
whicli  every  botanist  appreciates." 

In  reference  to  the  History  of  Botany,  I  have  received  corrections 
and  remarks  from  Dr.  Hooker,  with  which  I  am  allowed  to  enrich  my 
pages. 

"P.  359.  Note  *.  Nelambium  spcciosum,  t\iQ  Lotus  of  India,  The 
Nelumhium  does  not  float,  but  raises  both  leaf  and  flower  several  feet 
above  the  water  :  the  Nymphma  Lotus  has  floating  leaves.  Both  enter 
largely  into  the  symbolism  of  the  Hindoos,  and  arc  often  confounded. 
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**  P.  362.  Note  *.  For  Aracknis  read  Arackis,  The  Arachidna  of 
Theoplirastus  cannot,  however,  be  the  Arachis  or  ground-nut. 

"Pp.  388  and  394.  For  Harlecamp  read  Hartecamp, 

"  P.  394.  For  Kerlen  read  Kalm. 

"P.  394.  For  Ashech  read  Osheck. 

"P.  386.  John  Ray,  Ray  was  further  the  author  of  the  present 
Natural  System  in  its  most  comprehensive  sense.  lie  first  divided 
plants  into  Flowerless  and  Flowering ;  and  the  latter  into  Monocotyle- 
donous  and  Dicotyledonous : — *  Floriferas  dividemus  in  Dicotyle- 
DONES,  quarnm  semina  sata  binis  foliis,  seminalibus  dictis,  quae  cotyle- 
donorum  usum  prsestant,  e  terra  exeunt,  vcl  in  binos  saltern  lobos 
dividuntur,  quamvis  eos  supra  terram  foliorum  specie  non  efFerant ;  et 
MoNocoTYLKDONES,  qu8B  ucc  foHa  biua  seminalia  efferunt  nee  lobos 
binos  condunt  Hsec  divisio  ad  arbores  etiam  extendi  potest ;  siqui- 
dem  Palma)  et  congenercs  hoc  respectu  eodem  modo  a  reliquis  arbori- 
bus  differunt  quo  Monocotyledones  a  reliquis  herbis.' 

"P.  408.  Endogenous  and.  Exogenous  Growth,  The  exact  course 
of  the  wood  fibres  which  traverse  the  stems  of  both  Monocotyledo- 
nous  and  Dicotyledonous  plants  has  been  only  lately  discovered.  In 
the  Monocotyledons,  those  fibres  are  collected  in  bundles,  which  follow 
a  very  peculiar  course  : — from  the  base  of  each  leaf  they  may  be  fol- 
lowed downwards  and  inwards,  towards  the  axis  of  the  trunk,  when 
they  form  an  arch  with  the  convexity  to  the  centre  ;  and  curving  out- 
wards again  reach  the  circumference,  where  they  are  lost  amongst  the 
previously  deposit<jd  fibres.  The  intrusion  of  the  bases  of  these 
bundles  amongst  those  already  deposited,  causes  the  circumference  of 
the  stem  to  be  harder  than  the  centre ;  and  as  all  these  arcs  have  a 
short  course  (their  chords  being  nearly  equal),  the  trunk  does  not  in- 
crease in  girth,  and  grows  at  the  apex  only.  The  wood-bundles  are 
here  definite.  In  the  Dicotyledonous  trunks,  the  layers  of  wood  run 
in  parallel  courses  from  the  base  to  the  top  of  the  trunk,  each  exter- 
nally to  that  last  formed,  and  the  trunk  increases  both  in  height  and 
girth  ;  the  wood-bundles  are  here  indefinite. 

"  With  regard  to  the  Cotyledons,  though  it  is  often  difficult  to  dis- 
tinguish a  Monocotyledonous  Embryo  from  a  Dicotyledonous,  they 
may  always  be  discriminated  when  germinating.  The  Cotyledons, 
when  two  or  more,  and  primordial  leaves  (when  no  Cotyledons  are 
visible)  of  a  Monocotyledon,  are  alternate;  those  of  a  Dicotyledon 
Hre  opposite. 

"  A  further  physiological  distinction  between  Monocotyledons  and 


634  ADDITIONS. 

Dicotyledons  is  observed  in  germination,  wlien  the  Dicotyledonous 
radicle  elongates  and  forms  the  root  of  the  young  plant ;  the  Mono- 
cotyledonous  radicle  docs  not  elongate,  but  pushes  out  rootlets  from 
itself  at  once.  Hence  the  not  very  good  terms,  exorhizal  for  Dicoty- 
ledonous, and  endorhizal  for  Monocotyledonous. 

"  The  highest  physiological  generalization  in  the  vegetable  kingdom 
is  between  Phcenogama  and  Cryptogama.  In  the  former,  fertilization 
is  effected  by  a  pollen-tube  touching  the  nucleus  of  an  ovule;  in 
Cryptogams,  the  same  process  is  effected  by  the  contact  of  a  sperm- 
cell,  usually  ciliated  (antherozoid),  upon  another  kind  of  cell  called 
a  germ-cell.  In  Phanogams,  further,  the  organs  of  fructification  are 
all  modified  leaves;  those  of  Cryptogams  are  not  homologous." 
(J.  D.  H.) 

Zoology. 

I  have  exemplified  the  considerations  which  govern  zoological  classi- 
fication by  quoting  the  reflexions  which  Cuvier  gives  us,  as  having  led 

him  to  his  own  classification  of  Fishes.  Since  the  varieties  of  Qua- 
dinipcds,  or  Mammals  (omitting  whales,  <tc.),  arc  more  familiar  to  the 
common  reader  than  those  of  Fishes,  I  may  notice  some  of  the  steps 
in  their  classification ;  the  more  so  as  some  curious  questions  have 
recently  arisen  thereupon. 

Linnajus  first  divides  Mammals  into  two  groups,  as  they  have  Claws, 
or  Hoofs  (iinguiculata^  ungidata,)  But  he  then  jigain  divides  them 
into  six  orders  (omitting  whales,  <fec.),  according  to  their  number  of 
{n<:isor,  laniary^  and  molar  teeth  ;  namely  : — 

Primates,     (Man,  Monkey,  <fec.) 

Bruta.     (Rhinoceros,  Elephant,  <fcc.) 

Fera,     (Dog,  Cat^  Bear,  Mole,  ka,) 

Glires,     (Mouse,  Squirrel,  Hare,  <fcc.) 

Pecora.     (Camel,  Giraffe,  Stag,  Goat,  Sheep,  Ox,  <fec.) 

Bcllua:.     (Ilorsc,  Hippopotamus,  Tapir,  Sow,  <S:c.) 

In  the  place  of  these,  Cuvier,  as  I  have  stated  in  the  Philosophy 
(^On  the  Language  of  Sciences,  Aphorism  xvi.),  introduced  the  follow- 
ing orders :  Bimancs,  Quadrumanes,  Carnassiers,  Rongeurs^  Edentcs^ 
Pachyderms,  Ruminans.  Of  these,  the  Carnassiers  correspond  to  the 
Feroi  of  Linnaeus;  the  Rongeurs  to  his  Glires  ;  the  Edentes  are  a 
new  order,  taking  the  Sloths,  Ant-eaters,  <fcc.,  from  the  Bruta  of  Lin- 
nieus,  the  Megatherium  from  extinct  animals,  and  the  Ornithorhynchus, 
itc  from  the  new  animals  of  Australia ;  the  Ruminans  agree  with  the 
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Pecora  ;  the  Pachyderms  include  some  of  the  Bruta  and  the  BelluoB^ 
comprehending  also  extinct  animals,  as  Anoplotherium  and  PalcBothe- 
Hum, 

But  th,e  two  orders  of  Hoofed  Animals,  the  Pachyderms  and  the 
Ruminants,  form  a  group  which  is  held  by  Mr.  Owen  to  admit  of  a 
better  separation,  on  the  ground  of  a  character  already  pointed  out  by 
Cnvicr;  namely,  as  to  whether  they  are  two-toed  or  three-toed. 
According  to  this  view,  the  Horse  is  connected  with  the  Tapir,  the 
Palffiotherium,  and  the  Rhinoceros,  not  only  by  his  teeth,  but  by  hii 
feet,  for  he  has  really  three  digits.  And  Cuvier  notices  that  in  the 
two-toed  or  eren-toed  Pachyderms,  the  astragalus  bone  has  its  face 
divided  into  two  equal  parts  by  a  ridge ;  while  in  the  uneven-toed 
pachyderms  it  has  a  narrow  cuboid  face.  Mr.  Owen  has  adopted  this 
division  of  Pachyderms  and  Ruminants,  giving  the  names  artiodactyla 
and  perissodactyla  to  the  two  groups ;  the  former  including  the  Ox, 
Hog,  Peccary,  Hippopotamus,  kc, ;  the  latter  comprehending  the  Horse, 
Tapir,  Rhinoceros,  Hyrax,  <kc.  And  thus  the  Ruminants  take  their 
place  as  a  subordinate  group  of  the  great  natural  even-toed  Division 
of  the  Hoofed  Section  of  Mammals ;  and  the  Horse  is  widely  separated 
from  them,  inasmuch  as  he  belongs  to  the  odd-toed  division.' 

As  we  have  seen,  these  modern  classifications  are  so  constructed  as 
to  include  extinct  as  well  as  living  species  of  animals ;  and  indeed  the 
species  which  have  been  discovered  in  a  fossil  state  have  tended  to  fill 
up  the  gaps  in  the  series  of  zoological  forms  which  had  marred  the 
systems  of  modem  zoologists.  This  has  been  the  case  with  the  divi- 
sion of  which  wc  are  speaking. 

Mr.  Owen  had  established  two  genera  of  extinct  Herbivorous  Ani- 
mals,-on  the  strength  of  fossil  remains  brought  from  South  America: 
— Toxodon,  and  Nesodon,  In  a  recent  communication  to  the  Royal 
Society*  he  has  considered  the  bearing  of  these  genera  upon  the  divi- 
sions of  odd-toed  and  even-toed  animals.  He  had  already  been  led  to 
the  opinion  that  the  three  sections,  Prohoscidea,  Perissodactyla,  and 
Artiodactyla,  formed  a  natural  division  of  Ungulata ;  and  he  is  now 
led  to  think  that  this  division  implies  another  group,  "  a  distinct  divi* 
sion  of  the  Ungulata,  of  equal  value,  if  not  with  the  Perissodactyla 
and  Artiodactyla,  at  least  with  the  Proboscidean  This  group  he  pro- 
poses to  call  Toxodonta. 


*  Owen,  Odontography,  *  Phil.  Traru.,  1868. 
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Vegetable  Morphology. 


Morphology  in  Ltnnceus. 

I  HAVE  stated  that  Linnaeus  had  some  views  on  this  subject  Dr. 
Hooker  conceives  these  views  to  bo  more  complete  and  correct 
than  is  generally  allowed,  though  unhappily  clothed  in  metaphorical 
language  and  mixed  with  speculative  matter.    By  his  pennission  I 

insert  some  remarks  which  I  have  received  from  him. 

Tlie  fundamental  passage  on  this  subject  is  in  the  Systema  Naturoe; 
in  the  Introduction  to  which  work  the  followiug  passage  occurs : — 

"  Prolepsis  (Anticipation)  exhibits  the  mystery  of  the  metamorpho- 
sis of  j)lant.s  by  which  the  herb,  which  is  the  larva  or  imperfect  con- 
dition, is  changed  into  the  declared  fructification  :  for  the  plant  is 
capable  of  producing  either  a  leafy  herb  or  a  fructification 

"When  a  tree  produces  a  flower,  nature  anticipates  tlie  produce  of 
five  years  where  these  come  out  all  at  once  ;  forming  of  the  bud-leaves 
of  the  next  year  bracts ;  of  those  of  the  following  year,  thcp  calyx; 
of  the  following,  the  corolla  ;  of  the  next,  the  stamina  ;  of  the  sub- 
sequent, the  2^iii^ilSj  filled  with  the  granulated  marrow  of  the  seed,  the 
terminus  of  the  life  of  a  vegetable." 

Dr.  Hooker  says,  "  I  derive  my  idea  of  his  having  a  better  know- 
ledge of  the  subject  than  most  Botanists  admits  not  only  from  the 
Prolepsis,  but  from  his  paper  called  Reformatio  Botanices  (Aman, 
AcatL  vol.  vi.) ;  a  remarkable  work,  in  respect  of  his  candor  in  speak- 
ing of  his  predecessors'  labors,  and  the  sagacity  he  shows  in  indicating 
researches  to  be  undertaken  or  completed.  Amongst  the  latter  is,  V. 
*  Prolepsis  plantarum,  ulterius  extendenda  per  earum,  metamorphoses.' 
The  last  word  occurs  rarely  in  his  Prolepsis  ;  but  when  it  does  it 
seems  to  me  that  he  uses  it  as  indicating  a  normal  change  and  not  an 
accidental  one. 
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"  In  the  Prolepsis  the  speculative  matter,  which  Linnaeus  himself 
carefully  distinguishes  as  such,  must  be  separated  from  the  rest,  and  this 
may  I  think  be  done  in  most  of  the  sections.  He  starts  with  explain- 
ing clearly  and  well  the  origin  and  position  of  buds,  and  their  constant 
presence,  whether  developed  or  not,  in  the  axil  of  the  leaf :  adding 
abundance  of  acute  observations  and  experiments  to  prove  his  state- 
ments. The  leaf  he  declares  to  be  the  fii-st  effort  of  the  plant  in 
spring :  he  proceeds  to  show,  successively,  that  bracts,  calyx,  corolla, 
stamens,  and  pistil  are  each  of  them  metamorphosed  leaves,  in  every 
case  giving  many  examples,  both  from  monsters  and  from  characters 
presented  by  those  organs  in  their  normal  condition. 

"  The  (to  me)  obscure  and  critical  part  of  the  Prolepsis  was  that 
relating  to  the  change  of  the  style  of  Carduus  into  two  leaves.  Mr. 
Brown  has  explained  this.  He  says  it  was  a  puzzle  to  him,  till  he 
went  to  XJpsala  and  consulted  Fries  and  Wahlenberg,  who  informed 
him  that  such  monstrous  Cardui  grew  in. the  neighborhood,  and  pro- 
cured him  some.  Considering  how  minute  and  masked  the  organs  of 
Compositce  arc,  it  shows  no  little  skill  in  Linnaous,  and  a  very  clear 
view  of  the  whole  matter,  to  have  traced  the  metamorphosis  of  all 
their  floral  organs  into  leaves,  except  their  stamens,  of  which  he  says, 
*  Scxti  anni  folia  e  staminibus  me  non  in  compositis  vidisse  fateor,  sed 
illorum  loco  folia  pistillacea,  quae  in  compositis  aut  plenis  sunt  frequen- 
tissima.'  I  must  say  that  nothing  could  well  be  clearer  to  my  mind 
than  the  full  and  accurate  appreciation  which  LinnaBus  shows  of  the 
whole  series  of  phenomena,  and  their  rationale.  He  over  and  over 
again  asserts  that  these  organs  are  leaves,  every  one  of  them, — I  do 
not  understand  him  to  say  that  the  prolepsis  is  an  accidental  change 
of  leaves  into  bracts,  of  bracts  into  calyx,  and  so  forth.  Even  were 
the  language  more  obscure,  much  might  be  inferred  from  the  wide 
range  and  accuracy  of  the  observations  he  details  so  scientifically.  It 
is  inconceivable  that  a  man  should  have  traced  the  sequence  of  the 
phenomena  under  so  many  varied  aspects,  and  shown  such  skill, 
knowledge,  ingenuity,  and  accuracy  in  his  methods  of  observing  and 
describing,  and  yet  missed  the  rationale  of  the  whole.  Eliminate  the 
speculative  parts,  and  there  is  not  a  single  error  of  observation  or 
judgment ;  whilst  his  history  of  the  developement  of  buds,  leaves, 
and  floral  organs,  and  of  various  other  obscure  matters  of  equal  inter- 
est and  importance,  are  of  a  very  high  order  of  merit,  are,  in  fact,  for 
the  time  profound. 

"There  is  nothing  in  all  this  that  detracts  from  the  merit  of  Goethe's 
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• 
a  term  first  applied  to  auatomy  by  the  philosophers  of  Genuany ;  and 
this  term  Mr.  Owen  adopts,  to  the  exclusion  of  terms  more  loosely  de 
noting  identity  or  similarity.  And  the  Homology  of  the  various  bones 
of  vertebrates  having  been  in  a  great  degree  determined  by  the  labors 
of  previous  anatomists,  Mr.  Owen  has  proposed  names  for  each  of  the 
bones :  the  condition  of  such  names  being,  that  the  homologues  in  all 
vertebrates  shall  be  called  by  the  same  name,  and  that  these  names 
shall  be  founded  upon  the  terms  and  phrases  in  which  the  great  ana- 
tomists of  the  16th,  I7th,  and  18th  centuries  expressed  the  results  of 
their  researches  respecting  the  human  skeleton.  These  names,  thus 
selected,  so  far  as  concerned  the  bones  of  the  Head  of  Fishes,  onie  of 
the  most  difficult  cases  of  this  Special  Homology,  he  published  in  a 
Table,*  in  which  they  were  compared,  in  parallel  columns,  with  the 
names  or  phrases  used  for  the  like  purpose  by  Cuvier,  Agassiz,  GeofFroy, 
Hallman,  Scemmering,  Meckel,  and  Wagner.  As  an  example  of  the 
considerations  by  which  this  selection  of  names  was  determined,  I  may 
quote  what  he  says  with  regard  to  one  of  these  bones  of  the  skull. 

"With  regard  to  the  *  squamosal'  {squamosum,     Lat.  pars  squa- 
mosa ossis  temporis. — Soemmering),  it  might  be  asked  why  the  term 

*  temporal'  might  not  be  retained  for  this  bone.  I  reply,  because  that 
term  has  long  been,  and  is  now  universally,  understood  in  human  ana- 
tomy to  signify  a  peculiarly  anthropotomical  coalesced  congeries  of 
bones,  which  includes  the  *  squamosal'  together  with  the  *  petrosal,'  the 
'  tympanic,'  the  *  mastoid,'  and  the  *  stylohyal.'  It  seems  preferable, 
therefore,  to  restrict  the  signification  of  the  term  *  temporal'  to  the 
whole  (in  Man)  of  which  the  *  squamosal'  is  a  part.  To  this  part  Cu- 
vier has  unfortunately  applied  the  term  *  temporal'  in  one  class,  and 

*  jugal'  in  another ;  and  he  has  also  transferred  the  term  *  temporal'  to 
a  third  equally  distinct  bone  in  fishes ;  while  to  increase  the  confusion 
M.  Agassiz  has  shifted  the  name  to  a  fourth  different  bone  in  the  skull 
of  fishes.  Whatever,  therefore,  maybe  the  value  assigned  to  the  argu- 
ments which  will  be  presently  set  forth,  as  to  the  special  homologies 
of  the  *  pars  squamosa  ossis  temporis,'  I  have  felt  compelled  to  express 
the  conclusion  by  a  definite  term,  and  in  the  present  instance,  have 
selected  that  which  recalls  the  best  accepted  anthropomorphical  de^^ig- 
nation  of  the  part ;  although  *  squamosal'  must  be  understood  and 
applied  in  an  arbitrary  sense  ;  and  not  as  descriptive  of  a  scale-like 


*  Lecturct  on  Veitehrattt.     1846,  p.  168.      And  On  the  Archetj/pe  and  Homo- 
loQtes  of  the  Vertebrate  Skeleton.     1848,  p.  172. 
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the  Nose-vertebra,  in  his  work  On  the  Signification  of  the  Bones  of 
the  Skullj  published  in  1807  :  and  in  various  degrees,  with  similar 
views  promulgated  by  Spix  (1816),  Bojanus  (1818),  Geoffroy  (1824)^ 
Carus  1828.  And  I  believe  that  these  views,  bold  and  fanciful  as  they 
at  first  appeared,  have  now  been  accepted  by  most  of  the  principal 
physiologists  of  our  time. 

But  another  aspect  of  this  generalization  has  been  propounded  among 
physiologists ;  and  has,  like  the  others,  been  extended,  systematized, 
and  provided  with  a  convenient  language  by  Mr.  Owen.  Since  animal 
skeletons  are  thus  made  up  of  vertebrae,  and  their  parts  are  to  be  under- 
stood as  developements  of  the  parts  of  vertebra,  Geoffroy  (1822), 
Carus  (1828),  Mtlller  (1834),  Cuvier  (1836),  had  employed  certain 
terms  while  speaking  of  such  developements ;  Mr.  Owen  in  the  Geolo- 
gical Transactions  in  1838,  while  discussing  the  osteology  of  certain 
fossil  Saurians,  used  terms  of  this  kind,  which  are  more  systematic 
than  those  of  his  predecessors,  and  to  which  he  has  given  currency  by 
the  quantity  of  valuable  knowledge  and  thought  which  he  has  embo- 
died in  them. 

According  to  his  Terminology,'  a  vertebra,  in  its  typical  completeness, 
consists  of  a  central  part  or  centrum  ;  at  the  back  of  this,  two  plates 
(the  neural  apophyses)  and  a  third  outward  projecting  piece  (the  neu- 
ral spine),  which  three,  with  the  centrum,  form  a  canal  for  the  spinal 
marrow ;  at  the  front  of  the  centrum  two  other  plates  (the  hcemal 
apophyses)  and  a  projecting  piece,  forming  a  canal  for  a  vascular  trunk. 
Further  lateral  elements  {pleuro-apophyses)  and  other  projections,  are 
in  a  certain  sense  dependent  on  these  principal  bones ;  besides  which 
the  vertebra  may  support  diverging  appendages.  These  parts  of  the 
veHebra  are  fixed  together,  so  that  a  vertebra  is  by  some  anatomists 
described  as  a  single  bone  ;  i)ut  the  parts  now  mentioned  are  usually 
developed  from  distinct  and  independent  centres,  and  are  therefore 
called  by  Mr.  Owen  "  autogenous"  elements. 

The  General  Homology  of  the  vertebral  skeleton  is  the  reference  of 
all  the  parts  of  a  skeleton  to  their  true  types  in  a  series  of  vertebras : 
and  thus,  as  special  homology  refers  all  the  parts  of  skeletons  to  a 
given  type  of  skeleton,  say  that  of  Man,  general  homology  refers  all  the 
parts  of  every  skeleton,  say  that  of  Man,  to  the  parts  of  a  series  of  Ver- 
tebrae. And  thus  as  Oken  propounded  his  views  of  the  Head  as  a 
resolution  of  the  Problem  of  the  Signification  of  the  Bones  of  the  Head, 


■  Archetype  and  Homologies  of  the  Vertebrate  Skeleton,     1848,  p.  81. 
Vol.  II.— 41. 
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BO  have  we  in  like  manner,  for  the  purposes  of  General  Homologv, 
to  solve  the  Problem  of  the  Signification  of  Limbs.  The  whole  of  the 
animal  being  a  string  of  vertebrae,  what  are  arms  and  legs,  hands  and 
paws,  claws  and  fingers,  wings  and  fins,  and  the  like? .  This  inquiry  Mr. 
Owen  has  pursued  as  a  necessary  part  of  his  inquiries.  In  giving  a  pub- 
lic lecture  upon  the  subject  in  1849,*  he  conceived  that  the  phrase  which 
I  have  just  employed  would  not  be  clearly  apprehended  by  an  English 
Audience,  and  entitled  his  Discourse  "  On  the  Nature  of  Limbs  :"  and 
in  this  discourse  he  explained  the  modifications  by  which  the  various 
kinds  of  limbs  are  denved  from  their  rudiments  in  an  archetypal  ske- 
leton, that  is,  a  mere  series  of  vertebr®  without  head,  arms,  legs, 
wings,  or  fins. 

'     Final  Causes. 

It  has  been  mentioned  in  the  History  that  in  the  discussions  which 
took  place  concerning  the  Unity  of  Plan  of  animal  structure,  this  prin- 
ciple was  in  some  measure  put  in  opposition  to  the  principle  of  Final 
Causes  :  Morphology  was  opposed  to  Teleology.  It  is  natural  to  ask 
whether  the  recent  study  of  Morphology  has  affected  this  antithesis. 

If  there  be  advocates  of  Final  Causes  in  Physiology  who  would  push 
their  doctrines  so  far  as  to  assert  that  every  feature  and  every  relation 
in  the  structure  of  animals  have  a  purpose  discoverable  by  man,  such 
reasoners  are  liable  to  be  perpetually  thwarted  and  embarrassed  by  the 
progress  of  anatomical  knowledge ;  for  this  progress  often  shows  that 
an  arrangement  which  had  been  explained  and  admired  with  reference 
to  some  purpose,  exists  also  in  cases  where  the  purpose  disappears ; 
and  again,  that  what  had  been  noted  as  a  special  teleological  arrange- 
ment is  the  result  of  a  general  morphological  law.  Thus  to  take  an 
example  given  by  Mr.  Owen :  that  the  ossification  of  the  head  originates 
in  several  centres,  and  thus  in  its  early  stages  admits  of  compression, 
has  been  pointed  out  as  a  provision  to  facilitate  the  birth  of  viviparous 
animals ;  but  our  view  of  this  provision  is  disturbed,  when  wc  find  that 
the  same  mode  of  the  formation  of  the  bony  framework  takes  place  in 
animals  which  are  born  from  an  egg.  And  the  number  of  points  from 
which  ossification  begins,  depends  in  a  wider  sense  on  the  general 
homology  of  the  animal  frame,  according  to  which  each  part  :s  com- 
posed of  a  certain  number  of  autogenous  vertebral  elements.     In  this 


*  On  the  Nature  of  Limbs,  a  discourse  delivered  at  a  Meeting  of  the  Royal 
Institation,  1849. 
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he  admission  of  a  new-  view  as  to  Unity  of  Plan  will  almost 
arily  displace  or  modify  some  of  the  old  views  respecting  Final 
s. 

i  though  the  view  of  Final  Causes  is  displaced,  it  is  not  obli- 
i ;  and  especially  if  the  advocate  of  Pufpose  is  also  ready  to  admit 
J  correspondences  which  have  not  a  discoverable  object,  as  well 
itrivances  which  have.  And  in  truth,  how  is  it  possible  for  the 
it  of  anatomy  to  shut  his  eyes  to  either  of  these  two  evident  as- 
of  nature  {  The  arm  and  hand  of  man  are  made  for  taking  and 
ig,  the  wing  of  the  sparrow  is  made  for  flying ;  and  each  is  adapt- 
its  end  with  subtle  and  manifest  contrivance.  There  is  plainly 
n.  But  the  arm  of  man  and  the  wing  of  the  sparrow  con-espond 
h  other  in  the  most  exact  manner,  bone  for  bone.  Where  is  the 
r  the  Purpose  of  this  correspondence  ?  If  it  be  said  that  there 
e  a  purpose  though  we  do  not  see  it,  that  is  granted.  But  Final 
s/or  us  are  contrivances  of  which  we  see  the  end ;  and  nothing 
cd  to  the  evidence  of  Design  by  the  perception  of  a  unity  of  plan 

in  no  way  tends  to  promote  the  design. 

nay  be  said  that  the  design  appears  in  the  modification  of  the 
Q  special  ways  for  special  purposes ; — that  the  vertebral  plan  of 
Imal  being  given,  the  fore  limbs  are  modified  in  Man  and  in  Spar- 
5  the  nature  and  life  of  each  require.     And  this  is  truly  said ; 

indeed  the  truth  which  we  are  endeavoring  to  bring  into  view  : 
t  there  are  in  such  speculations,  two  elements ;  one  given,  the 
to  be  worked  out  from  our  examination  of  the  case ;  the  datum 
le  problem  ;  the  homology  and  the  teleology. 

Owen,  who  has  done  so  much  for  the  former  of  these  portions 
r  "knowledge,  has  also  been  constantly  at  the  same  time  contri- 
j  to  the  other.  While  he  has  been  aiding  our  advances  towards 
nity  of  Nat^ure,  he  has  been  ever  alive  to  the  perception  of  an 
gence  which  pervades  Nature.  While  his  morphological  doc- 
have  moved  the  point  of  view  from  which  he  sees  Design,  they 
lever  obscured  his  view  of  it,  but,  on  the  contrary,  have  led  him 
sent  it  to  his  readers  in  new  and  striking  aspects.  Thus  he  has 
d  out  the  final  purposes  in  the  diflferent  centres  of  ossification  of 
mg  bones  of  the  limbs  of  mammals,  and  shown  how  and  why 
liffer  in  this  respect  from  reptiles  (Archeti/pe,  p.  104).  And  in 
ay  he  has  been  able  to  point  out  the  insufficiency  of  the  rule  laid 
both  by  Geoffroy  St.  Hilaire  and  Cuvier,  for  ascertaining  the 
umber  of  bones  in  each  species. 
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Final  Causes,  or  Evidences  of  Design,  appear,  as  we  have  said,  not 
merely  as  contrivances  for  evident  purposes,  but  as  modifications  of  a 
given  general  Plan  for  special  given  ends.  If  the  general  Plan  be  dis- 
covered after  the  contrivance  has  been  noticed,  the  discovery  may  at 
first  seem  to  obscure  our  -perception  of  Purpose ;  but  it  will  soon  be 
found  that  it  merely  transfers  us  to  a  higher  point  of  view.  The  adap- 
tation of  the  Means  to  the  End  remains,  though  the  Means  are  parts 
of  a  more  general  scheme  than  we  were  aware  of.  No  generalization  of 
the  Means  can  or  ought  permanently  to  shake  our  conviction  of  the  End; 
because  we  must  needs  suppose  that  the  Intelligence  which  contem- 
plates the  End  is  an  intelligence  which  can  see  at  a  glance  along  a 
vista  of  Means,  however  long  and  complex.  And  on  the  other  hand, 
no  special  contrivance,  however  clear  be  its  arrangement^  can  be  un- 
connected ^ith  the  general  correspondences  and  harmonies  by  which 
all  parts  of  nature  are  pervaded  and  bound  together.  And  thus  no 
luminous  teleological  point  can  bo  extinguished  by  homology ;  nor,  on 
the  other  hand,  can  it  be  detached  from  the  general  expanse  of  homo- 
logical  light. 

The  reference  to  Final  Causes  is  sometimes  spoken  of  as  unphiloso- 
phical,  in  consequence  of  Francis  Bacon's  comparison  of  Final  Causes 
in  Physics  to  Vestal  Virgins  devoted  to  God,  and  barren.  I  have  re- 
peatedly shown  that,  in  Physiology,  almost  all  the  great  discoveries 
which  have  been  made,  have  been  made  by  the  assumption  of  a  pur- 
pose in  animal  structures.  With  reference  to  Bacon's  simile,  I  have 
elsewhere  said  that  if  he  had  had  occasion  to  develope  its  bearings,  full 
of  latent  meaning  as  his  similes  so  often  arc,  he  would  probably  have 
said  that  to  those  Final  Causes  barrenness  was  no  reproach,  seeing  they 
ought  to  be  not  the  Mothers  but  the  Daughters  of  our  Natural  Scien- 
ces ;  and  that  they  were  barren,  not  by  imperfection  of  their  nature,  but 
in  order  that  they  might  be  kept  pure  and  undcfiled,  and  so  fit  minis- 
ters in  the  temple  of  God.  I  might  add  that  in  Physiologj',  if  they 
arc  not  Mothers,  they  are  admirable  Nurses ;  skilful  and  sagacious  in 
perceiving  the  signs  of  pregnancy,  and  helpful  in  bringing  the  Infant 
Truth  into  the  light  of  day. 

There  is  another  aspect  of  the  doctrine  of  the  Archetypal  Unity  of 
Composition  of  xVnimals,  by  which  it  points  to  an  Intelligence  from 
which  the  frame  of  nature  proceeds ;  namely  this  : — that  the  Arche- 
type of  the  Animal  Structure  being  of  the  nature  of  an  Idea^  implies  a 
mind  in  which  this  Idea  existed ;  and  that  thus  Homology  itself  points 
the  way  to  the  Divine  Mind.     But  while  we  acknowledge  the  full 
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value  of  this  view  of  theological  bearing  of  physiology,  we  may  venture 
to  3ay  that  it  is  a  view  quite  different  from  that  which  is  described 
b\  speaking  of  ''Final  Causes,"  and  one  much  more  difficult  to  present 
^?  %  lucid  manner  to  ordinary  minds. 
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Chemical  Geology^  Sartorius  von  Walterhausen's  Observationa  on  the 
occurrence  of  minerals  in  Amygdaloid. 

As  a  recent  example  of  speculations  concerning  Botanical  Palsetio- 
logy,  1  may  give  Dr.  Hooker's  views  of  the  probable  history  of  the 
Flora  of  the  Pacific. 

,  In  speculating  upon  this  question,  Dr.  Hooker  is  led  to  the  discus- 
sion of  geological  doctrines  concerning  the  former  continuity  of  tracts  of 
land  which  are  now  separate,  the  elevation  of  low  lands  into  mountain 
ranges  in  the  course  of  ages,  and  the  like.  We  have  already  seen,  in  the 
speculations  of  the  late  lamented  Edward  Forbes,  (see  Book  xviii.  chap, 
vi.  of  this  History,)  an  example  of  a  hypothesis  propounded  to  account 
for  the  existing  Flora  of  England :  a  hypothesis,  namely,  of  a  former 
Connexion  of  the  West  of  the  British  Isles  with  Portugal,  of  the  Alps 
of  Scotland  with  those  of  Scandinavia,  and  of  the  plains  of  East  Anglia 
with  those  of  Holland.  In  like  manner  Dr.  Hooker  says  (p.  xxi.)  that 
he  was  led  to  speculate  on  the  possibility  of  the  plants  of  the  Southern 
Ocean  being  the  remains  of  a  Flora  that  had  once  spread  over  a  larger 
and  more  continuous  tract  of  land  than  now  exists  in  the  ocean ;  and 
that  the  peculiar  Antarctic  genera  and  species  may  be  the  vestiges  of  a 
Flora  characterized  by  the  predominance  of  plants  which  are  now  scat- 
tered throughout  the  Southern  islands.  He  conceives  this  hypothesis 
to  be  greatly  supported  by  the  observations  and  reasonings  of  Mr.  Dar- 
win, tending  to  show  that  such  risings  and  sinkings  are  in  active  pro- 
gress over  large  portions  of  the  continents  and  islands  of  the  Southern 
hemisphere :  and  by  the  speculations  of  Sir  C.  Lyell  respecting  the 
influence  of  climate  on  the  migrations  of  plants  and  animals,  and  the 
influence  of  geological  changes  upon  climate. 

In  Zoology  I  may  notice  (following  Mr.  Owen)'  recent  discoveries  of 
the  remains  of  the  animals  which  come  nearest  to  man  in  their  struc- 
ture. At  the  time  of  Cuvier's  death,  in  1832,  no  evidence  had  been 
obtained  of  fossil  Quadrumana ;  and  he  supposed  that  these,  as  well  as 
Bimana,  were  of  very  recent  introduction.  Soon  after,  in  the  oldest 
(eocene)  tertiary  deposits  of  Suffolk,  remains  were  found  proving  the 
existence  of  a  monkey  of  the  genus  Macacus.  In  the  Himalayan  tcr- 
tiaries  were  found  petrified  bones  of  a  Semnopithccus;  in  Brazil,  remains 
of  an  extinct  platyrhine  monkey  of  great  size  ;  and  lastly,  in  the  mid- 
dle tertiary  series  of  the  South  of  France,  was  discovered  a  fragment  of 
the  jaw  of  the  long-armed  ape  {Hylohates),    But  no  fossil  human 
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remains  have  been  discovered  in  the  regularly  deposited  layers  of  any 
of  the  divisions  (not  even  the  pliocene)  of  the  tertiary  scries ;  and  thna 
we  have  evidence  that  the  placing  of  man  on  the  earth  was  the  last  and 
peculiar  act  of  Creation. 
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Bello's  Spanish  Grammar  (in  Spanish). 

Benedicts  Kun  Through  i-urope. 

Benton  on  the  Dred  Scott  Case. 

Thirty  Years'  View.    2  vols. 

Debates  of  Congress.    16  vols. 

Bertha  Percy.    By  Margaret  Field.    12ma 

Bertram's  Harvest  of  the  Sea.  Economic 
and  Natural  Ilistory  of  Fishes. 

Bessie  and  Jessie's  Second  Book. 

Beza's  Novum  Testamentum. 

Bibles  in  all  styles  uf  bindings  and  various 
prices. 

Bible  Stories,  in  Bible  Language. 

Black's  General  Atlas  of  the  World. 

Bloomtield's  Farmer's  Boy. 

Blot's  What  to  Eat,  and  llow  to  Cook  It. 

Blue  and  Gold  Poets.    6  vols,  in  case. 

Boise's  Greek  Exercises. 

First  Three  Books  of  Xcnophon's  Ana- 
basis. 

Bojesen's  Greek  and  Roman  Antiqnitiea. 

Book  of  Common  l*rayer.    Various  prices. 

Boone's  Life  and  Adventures. 

Bourne's  Catechism  of  the  Steam  Engine. 

Iland-Book  of  the  Steam  Engine. 

lYi^atise  on  the  Steam  Engine. 

Boy's  Book  of  Modem  Travel. 

Own  Toy  Maker 

Bra<lf(»ni's  Peter  the  Groat. 

Bnulley's  (Mary  K.)  Douglass  Farm. 

Br.idieV't*  (Chas.)  Sermons. 

Bnnly's  Christmas  Dream. 

Breakfast,  Dinner,  an<l  Tea, 

British  I'oets.  From  Cnaucer  to  the  Pres- 
ent Time.    3  large  vols. 

British  Poets.    Cabinet  Edition.    15  vols. 

Brooks'  Ballads  and  Tninslatlon.s. 

Brown,  Jones,  and  Kobln son's  Tour. 

Bryan's  English  (Grammar  for  Germans. 

BrVant  and  Stratton's  Commercial  Law. 

Bryant's  Poems,  Illustrated. 

— ^  l*oems.     1'  vols. 

Thirty  Poems. 

Poems.     Blue  and  Gold. 

Letters  from  Spain. 

Buchanan's  Adininistration. 

Buckle's  Civilization  in  England.    2  vols. 

Essays. 

Bunyan's  Divine  Emblems. 

Burdett's  Chances  and  Changes. 

Never  Too  Late. 

Burgess'  Photograph  Manual.     12mo. 

Burnett  (James  K.)  on  tho  Tl^irtv-nlne  Ar- 
ticles. 

Burnett  (Peter  1I.\  The  Path  which  led  a 
Protestant  Lawyer  to  the  Catholic 
Church. 

Bumours  (Jramntica  Latlna. 

Burns'  (Jabez)  Cyclopaedia  of  Sermons. 

Burns'  (Kobert)  Poems. 

Burton's  Cycloi)a;dia  of  Wit  and  Humor.  2 
vc>ls." 

Butler's  Martin  Van  Buren. 

Butler's  (F.)  Spanish  Teacher. 

Butler's  (S.)  Hudibras. 

Butler's  (T.  B.)  Guide  to  the  Weather. 


Bntlcr's  (Wm.  Allen)  Two  Millions. 
Byron    Gallery.      The   Galleiy   of   ByroD 
Beauties. 

Poetical  Works. 

Life  and  Letters. 

Works.  Uliytratod. 

Ceeleb's  Laws  and  Praetice  of  Wbist 

Caesar's  Commentaries. 

Caird's  Prahrie  Farming. 

Calhonn's  Works  and  Speedies.    6  Tola. 

Campbell's  (I'boSw)  Gertrude  of  Wyoming 

Poems. 

Campbell  (Judge)  on  Shakespeare. 
Canot,  Life  of  Captain. 
Carlyle's  (Thomas)  Essava. 
Carreno's  Manual  of  Politeness. 

Compendio  del  ManmU  de  Urbanidad. 

Cass^dav's  Poetic  Lacon. 
Cavendish's  Laws  of  Whiat 
Cervantes'  Don  Quixote,  In  Spanish. 

Don  Quixote,  in  English. 

Cesar  LHistoire  de  Jules,  par  a  M.  L  Na- 

Foleon   III.    VoL  I.,  with  Maps  and 
ortrait    (French.) 

Cheap  Edition,  without  Maps  and  Por- 
trait 

Maps  and  Portrait,  for  cheap  edition,  in 
envelopes. 
Champlin's  English  Grammar. 

Greek  Grammar. 

Chast!  on^thc  Constitution  and  Canons. 
Chaucer's  Poems. 
Chevalier  on  (Jold. 
Chlhlren's  Holi<lavs. 
Child's  First  History. 

Chittenden's  lUporl  of  the  Peace  Conven- 
tion. 
Choquet's  Freneh  Composition. 

French  Conversation. 

Cicero  de  Cfflcii.s, 

Select  Orations, 

Clarke>  (D.  S.)  Serinture  Promises. 
Clarke's  (Mrs.  Cow<len)  Iron  Cousin. 
Clark's  (H.  J.>  Mind  In  Nature. 
Cleaveland  and  Haekus'  Villas  and  Cottages. 
Cleveland's  (H.  W.  S.)  Hints  to  Kiflemen. 
Cloud  Cr\'stals.     \  Snow  Flake  Album, 
Cobb's  (j'.  B.)  MiseellanSes. 
Coe's  Spanish  Dniwing  Canls.    10  parts. 
Coe's  Drawing  Cards.     10  parts. 
Colenso  on  the  Pentateuch.     2  vols. 

On  the  Kumans, 

Coleridge's  Poems. 

Collins''Am(.or. 

Collins'  (T.  W.)  Humanics. 

Collet's  Dramatic  French  Eeader. 

Comings'  Physir.logj'. 

Companion  to  Physiology. 

Comment  <»n  Parle  a  Paris, 
Congreve's  Comedy. 
Continental  Library.     6  vols,  in  case. 
Cooke's  Life  of  Stonewall  Jackson. 
Cookery,  by  an  AnuTiean  Lady. 
Cooley's  CyclopHMlla  of  iiecelpts. 
Cooper  8  Mount  Vernon. 
Copley's  Early  Friendship. 

'■  Poplar  (trove. 

Corpell's  First  Steps  in  Geography. 

I*rimary  Geography. 

Intermediate  Geography. 

Grammar  School  Geography. 

High  School  Ge(^raphy  and  Atlas. 


CornclP!*  High  School  Geography. 

"         -        Atlas. 

Nfap  Drawln?.     12  maps  In  case. 

Outline  Map*,  with  Kt-y.    13  maps  in 

portfolio. 

Or.  the  Key,  separately. 

Cornwall  on  Music. 

C<>rrf  lailon  and  Conservation  of  Forces. 

Cortcz'  Life  and  Adventures. 

Cotter  on  the  Mass  and  Rubrica. 

Cottln's  Elizabeth ;  or.  the  ExUes  of  Siberia. 

Cousin  Alice's  Javentles. 

Cousin  Carrie's  Sun  Kays. 

Keep  a  Good  Heart 

Cousla  8  Molem  Philosophy.    2  vols. 

On  the  True  and  BeantlAiL 

Only  Uomance. 

Coutan's  French  Poetry. 
Covell':*  Knsrilsh  Grammar. 
Cowles'  Excbanjje  Tables. 
Cowpcr  s  Ilomor's  IllatL 

Pot^m-*. 

Cox's  Kl/ht  Years  In  Congress,  from  '57  to  'fi3t 
Coxe's  Christian  Billnds. 
Creasy  on  the  Enafllsh  Constitution. 
Crisis  (The). 
Crosby  s  (A.)  Geometry. 
Crosby's  (II.)  (Edlous  'ryrannu^ 
Crosby's  (W.  IL)  Ouintus  Curtlus  Rufos. 
CJrowe's  Llnny  LockwotxI. 
Curry's  Volunteer  Book. 
Gustos  Invalid's  Book. 

Cycloptedia  of  Commercial  and    Business 
Auc'cdotes.    2  vols. 

D'Abrantes'  Memolres  of  Napoleon.    2  vols. 

Dairyman's  (The)  Daughter. 

Dana's  Ilousi'hold  Poetry. 

Darwin's  Orljjln  of  Species. 

Dante's  Po^-ms. 

Dasent's  Popular  Talfs  from  the  Norse. 

Davenport's  Christ.  Unity  and  Its  Recovery. 

Dawson's  Archalo. 

De  Belem's  Spanish  Phraso-Book. 

De  Flvas'  Elementary  French  Reader. 

Classic  French  Render. 

De  Fo/s  Robinson  Crusoe. 
De  Glrardin's  Mirjfuerlte. 

StorloH  of  an  Old  Maid. 

De  Ilari  o  i  C;):irt.s  Martial 

De  L'ArJe  •'.».''»  History  of  Napoleon. 

De  Peyra^'.s  (.'jmtnent  on  Parle. 

De  Staol'H  Corinni'.  o.i  L'ltalle. 

De  Veltelle's  Mercantile  Dictionary. 

De  Vere's  Spanish  Gnimmar. 

Dew's  Ill.storieal  Diifpst. 

Dlckens'H  (Charles)  Works.    Original  lUns- 

tratlons.    24  vols. 
Dies  Irae  and  Stabat  Mater,  bound  toq^etber. 
Dies  I  me,  alone,  und  Stalxit  Mater,  alone. 
Dlx's  (John  A.)  Winter  In  Madeira. 

S}»eeche.«»  and  Addn'sses.    2  vols. 

Dlx's  (Rev.  M.)  Lost  Unity  of  the  Christian 

Worl.I. 
Dr.  Oldham  nt  Greystonus,  and  his  Talk  there. 
Doane's  Works.    4  v<ds. 
Downinsr's  Rural  Architecture. 
Dryden'3  Poems. 
Dunl:i:»'5  S|)lrit  History  of  Man. 
Dur'S'^l'hirf  Gallery,  Gems  ttom  the. 
Dwljflit  on  the  Study  of  Art. 
Ebony  Idol  (The). 
Ede  3  Management  of  Steel 
Edith  Vaughan's  Victory. 


Egloffstetn's  Geology  and  Physical  Geog- 
raphy of  Mexico. 

Eiehhom's  German  Grammar. 

Elliot's  l*Mne  Work  on  Birds.  7  parts,  or  in  1  v. 

Ellsworth's  Text- Book  of  Penmanshijp. 

Ely's  Journal  [and  Usea. 

Enfleld's  Indian  Com ,  its  Value,  Culture, 

Estvan's  War  Pictures. 

Evans'  History  of  the  Shaker«. 

Evelyn's  Life  of  Mrs.  Godolphtn. 

Everett's  Mount  Vernon  Papers. 

FabIe^  Original  and  Selected. 

Farrar's  History  of  Free  Thought 

Faustus. 

Fay's  Poems. 

Fenclon's  Telemaque.    The  same,  in  2  volA. 

Telemachus. 

Field's  Bertha  Percy. 

Field's  (M.)  City  Architecture. 

FIguler's  World  before  the  Deluge. 

Fireside  Library.    8  vols,  in  case. 

First  Thoughts^ 

¥m  and  the  Fljlans. 

Flint's  Physiology  of  Man, 

Florian's  William  Tell. 

Flower  Pictures. 

Fon tana's  Italian  Grammar. 

Foote's  Africa  and  the  American  Flag. 

Forestl's  Italian  Extracts. 

Four  Gospels  (The). 

Franklin's  Man's  Cry  and  God^s  Gracious 
Answer.  [tlllan. 

Frieze's  Tenth  and  Twelfth  £ooks  of  Quln- 

Fnllerton's  (Lady  O.)  Too  Strange  Not  to  be 

Funny  Story  Book,  [True. 

Garland's  Life  of  Randolph. 
Gask ell's  Life  of  Bronte.    2  vols. 

The  same,  cheaper  edition,  in  1  voL 
Oeonre  Ready. 
Gerard's  French  Rc>adings. 
Gertrude's  Philip  Randolph. 
Gesenlus'  Hebrew  Grammar. 
Ghostly  Colloquies. 

Glbbes""  Documentanr  History.    8  vols. 
Gibbons'  Banks  of  New  York. 
Gllflllan's  Llterarv  Portraits. 
Gillespie  on  Land  Surveying. 
Glrnnlln  on  Dramatic  Literature. 
Goailby's  Text-Book  of  Physiology. 
Goethe's  Iphlgenia  In  Taurls. 
Goldsmith  s  Essays. 

Vicar  of  Wakefield. 

Goflsc'9.  Evenings  with  the  Microscope. 
Goulburn's  Office  of  the  Holy  Communion. 

Idle  Wonl 

Manual  of  (Confirmation. 

Sermons. 

Study  of  the  Holy  Scriptures. 

Thoughts  on  Personal  Religion, 

Gould's  (K  S.)  Comedy. 

Gould's  (W.  M.>  Zephyrs. 

Graham's  Englliih  Synonymes. 

Grandmamma  Ensy's  Toy  Books. 

Grandmother's  Library.    6  vols,  in  case. 

Grand's  Spanhh  Arithmetic. 

Grant's  Report  on  the  Armies  of  the  United 

States  lS64-'6Su 
Grauet's  Portuguese  Grammar. 
Grayson's  Theory  of  Cliristianlty. 
Greek  Testament 
Greene's  (F.  H.)  Primary  Botany. 

Class-Book  of  Botany. 

Greene's  (G.  W.)  Companion  to  Ollendorff. 
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Qreone'8  (G.  W.)  First  T^seons  in  French. 

First  Lessons  in  Italian. 

Middle  Ages. 

Gregory's  Matbematics. 
Grimn  on  the  Gospel. 
Griffith's  Poems. 
Griswold's  Kepublican  Conrt 

Sacred  Poets. 

Galzofs  (Madame)  Tales. 

Guizot's  (M.)  Civilization  in  Europe.    4  vols. 

i:>chool  edition.    1  vol 

New  Edition,  on  tinted  paper.    4  vols. 

Gurowskrs  America  and  Europe. 
Hussia  as  it  is. 

Iladley's  Greek  Grammar. 

llahn's  Greek  Testament. 

Hall's  (B.  H.)  >:A9tem  Vermont 

Hairs  ^C.  II.)  Notes  on  the  Gospels.    2  toIb. 

Hairs  (E,  11.)  (iuidu  to  the  Gn;at  West 

Halleck's  Poems. 

Poems.    Pocket  size,  blue  and  gold. 

Yountf  AmtTlca. 

Hallceks  U'.  W.)  Military  Science. 

Hamilton's  (.Sir  Wra.)  Philosopliv. 

Hamilton's  (A.)  Writings.    6  vols. 

Hand-Books  on  Kducation. 

Hand- Book  of  Ant^Io-Saxon  Root- Words, 
Hand-lVx)k  of  Anglo-Saxon  Derivatives. 
Hand-Book  of  tbc  Kncrraftcd  Words. 

IIandy-B«K)k  of  ProiK*rty  Ijiw. 

Happy  Child's  Library.     IS  vols,  in  case. 

Harknos.s'  First  (Jreek  Book. 

I-ntin  (Irannnar. 

First  I.atin  Book. 

Scconil        *• 

I>atln  Kcailor. 

Hofto's  HI.'«tory  of  the  Church. 

Haskell's  IIou8<-kc(.'p<'r'8  Kncyclopjrdia. 

Hassanl's  Lifo  of  Archbishop  Hughes. 

Wreath  of  Beauty. 

Hniipt  «»n  Brklpo  Construction. 

Haven's  Where  There's  a  Will  There's  aWay. 

Patient  Waiting  no  I.<oflS. 

Nothlnir  Venture  Nothing  Have. 

Out  of  Debt  Out  of  Danger. 

Contentinont  Better  than  Wealth. 

No  Sueh  Word  as  Fail. 

All's  Not  C.old  that  (ilitlers. 

A  Place  for  Kverythlng,  and  Every- 
thing in  its  Place. 

I^)5s  and  (Jain. 

PetBinl.  [in  cas©. 

Home  Series  of  Juvenile  Books.    S  vols. 

Haven  (Memoir  of  Alice  B.). 

Hazanl  on  the  Will. 

Hecker  .s  Questions  of  the  Soul. 

Hemans'  Poi'nis.     2  vols. 

Sontrs  of  th»'  Atfections. 

Hcnck's  Field- Book  f(»r  Knglncers. 

Henry  on  Human  Progress. 

Herbert's  PcKins. 

Here  and  There, 

Herodotus,  by  Johnson  (in  Greek). 

Herodotus,  bv  Kawlinson  (in  English).  4  vis. 

Hoydenreieh*s  (Jermnn  Header. 

Hickok's  Kutlonal  Cosmology. 

National  Psychology. 

Hlstorv  of  the  Ke  bell  I  on,  Military  and  Naval, 
Illustrated. 

HoflTtaian's  Poems. 

Holcombe's  Leadinsr  Cases. 

Ijiw  of  Dr.  and  Cr. 

Letters  in  Literature. 


Holly's  Country  Seats. 

Holmes'  (M.  A.)  Tempest  and  Sunshine. 

Enslish  Orphans. 

Holmes'  (A.)  Parties  and  Principles 

Homes  of  American  AutborB. 

Homer's  Iliad. 

Hooker's  Complete  Warka.    2  Tola. 

Hoppin's  Notes. 

Horace,  edited  by  Lincoln. 

Howitrs  Child's  Verse-Bock. 

Juvenile  Tales.    14  vols,  in  case. 

How's  Historical  Sbakspearfam  Reader. 

Shakspearian  fieader. 

Hue's  Tartarv  and  China. 
Hudson's  Li/e  and  Adventures. 
Humboldt's  Letters. 
Hunt's  (C.  H.)  Life  of  Livingston. 
Hunt's  (F.  W.)  Historical  Atlas. 
Huntington's  Lady  Alice. 
Hutton's  Mathematics. 
Huxley's  Man's  Place  In  Nature. 
Origin  of  Species. 

Iconographic  Encycloptedia.   6  vo]s.-Hl  Text 
and  2  Plates. 
Or,  separately : 
The  Countries  and  Cities  of  the  World. 

2  vols. 
The  Navigation  of  all  Ages.    2  vols. 
The  Art  of  Building;  in  Ancient  and 

Moileni  Times,     i  vols. 
The  Religions  of  Ancient  and  Modern     i 

Times.    2  vols. 
The  Fine  Arts  Illustrated.  2  vols.  I 

Teehnolouy  Illustrated.     2  vo's.  | 

Internal  Kevenue  Ij»w. 
Iredell's  Life,  2  vols. 
Italian  Comedies. 

Jacobs'  Learning  to  Spell. 

The  same,  in  two  parts. 

Jaeirer's  Class- Book  of  Zoologj-. 
James'  (J.  A.)  Youn^  Man. 
James'  (11.)  Lople  of  Crvitlon. 
James'  (O.  P.  It.)  Adrlen. 
Junieson's  (Mni.)  Art  Works. 

Leirends  of  Saints  ond  MaHyrs,   2  vis. 

lA'gends  of  the  Monastic  Orders. 

Leerends  of  the  Madonna. 

History  of  Our  I^rd.    2  vols, 

Jarvis'  IJeply  to  Milner. 
Jay  on  American  Agriculture. 
Jeffers  on  (iunncrj-. 
Jeffrey's  (F.)  Essays. 
Johnson's  Meanlntr  of  Words. 
Johnson's  (^lamuel)  Kasselas. 
I     Johnston's  Chemistry  of  Common  Life.    8  v. 

Kavanatrh's  Adele. 

Beatrice. 

Daisy  Bums. 

Grace  Ix'C. 

Madeleine. 

Nathalie. 

Rachel  Gray. 

Seven  Yeans. 

(^ueen  Mab. 

Women  of  Christianity. 

Keats'  P(K.'ms. 
Keep  a  Good  Heart. 
Keiirhtley's  Mythology. 
Kril's  Fairy  Stories.    " 
Keith  (Memoir  of  Caroline  P.) 
Kendriek's  Greek  OllendorfT. 
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Kennj^s  Manual  of  Chesa. 
Kingloke's  Crimean  War.    Vola.  1  and  2. 
Klrke  White's  Pooma. 
Kirkland'8  Life  of  Washington. 

A  Cheaiier  Edition,  for  Schools. 
Knowles'  Oriean  Lamar. 
K<Bppcn*8  Middle  Ages. 

Separately— Middle  Agc^  2  vols. 

Atlas. 

Kohlraasch's  History  of  Germany. 
Kuhner's  Greek  Grammar. 

Lafovcr's  Beauties  o<  Architecture. 

Lady  Alice. 

Lamortlne's  Confidential  Disclosures. 

Ulstonr  of  Tnrkcv.    8  vols. 

Lanoelott*8  Qaeens  of  Enghmd,  and  their 

Times.    8  vols. 
Landon's  fL.  E.)  Complete  Works^ 
liitham^s  English  Lanzaage. 
Layard's  Nineveh.    Illastrated. 

Cheap  edition.    Without  Illustrations. 

Learning  to  SpelL 

Le  Brun  8  Telemaqnc. 

Lecky's  Rise  A  Influence  of  Rationalism.  2  v. 

Le  Safe's  Adventures  of  Gil  Bias.    1  vol 

Gil  Bla.%  in  Spanish. 

Letter  Writer. 

Letters  fpom  Rome. 

Lewes'  (G.  If.)  History  of  Philosophy.  2  vis. 

In  1  vol. 

Physlolozy  of  Common  Life. 

Library  of  Travel  and  Adventure.  8  v.  In  case. 
Library  for  my  Young  Countrymen.    9  vols. 

in  <ase. 
Llbro  Frlmarlo  do  Ortograflx 
Liebig's  Laws  of  Ilusbandr}'. 
Life  of  Man  Symbolized  by  the  Months  of 

the  Year. 
Light  and  Darkness. 
Lights  and  Shadows  of  New  York  Picture 

Galleries. 
Lindsay's  Poems. 
Linn's  Life  and  Services. 
Little  Builder. 
Little  Engineer. 
Livy,  with  English  Notes. 
Logan's  Chtiteau  Frissac. 
Look  ins:  Glass  fur  the  Mind. 
Lord's  Poerns. 

Christ  in  Hades;  a  Poem. 

Louise. 

Lunfs  Origin  of  the  Late  War. 

Lyell's  Klemonts  of  Geology. 

Prin(M|»les  of  Geology. 

Lyra  AmtTicana. 
Lyra  Anglicanx 

Macaulay's  Essays.    1  voL 

Essays.    7  vols. 

Essays.    A  New  and  Revised  Edition, 

on  tinted  paper.    A  volsi 
Mackintosh's  (Sir  James)  Essays. 
Madsri*. 
Maban's  Answer  to  Colenso. 

Numerals  of  Scripture. 

Mabon's  Kni^land.     2  vols. 

Malu's  Novum  Testamcntam  Gnece. 

Mandoville's  New  Series  of  Raiders. 

1.  Primary  Reader. 

2.  Second  Reader. 

3.  Third  Reader. 

4.  Fourth  Reader. 

5.  Fifth  Reader. 


Mandeville's  Course  of  Reading. 

Reading  and  Oratory. 

First  Spanish  Reader. 

Second  8panl»h  Reader. 

Third  Spanish  Reader. 

Magnair»  Historical  Qnestlona. 
Man's  Cry  and  God's  Gracious  Answer. 
Manners^  At  Home  and  Abroad. 

Sedgemoor. 

Manniuff's  Temp.  Mission  of  the  Holy  Ghost 

The  Reunion  of  Christendom. 

Manual  of  Matrimony. 
Morkham's  History  of  England. 
Marrayat's  Afiica. 

Masterman  Ready. 

Popular  Novels.    12  vols. 

A  New  and  Revised  Edition,  printed 

on  tinted  paper    12  vols. 
Marryat's  Settlers  in  Canada. 
Marshairs  (E.  C.)  Book  of  Oratory. 

First  Book  of  Oratory. 

Marshall's  (T.  WJ  Notes  on  Episcopacy. 
Marsh's  Double  Entry  Book-keeping. 

Single  Entry  Book-keeping. 

Bank  Book-keepinf. 

Book-keeping  (in  Siianlsh). 

Blank    Books  for  Double   Entry.     6 

books  in  set 

Da  for  Single  Entry.  6  books  in  set 

Martha's  Hooks  and  Kyes. 
Martlneau's  Crofton  Boys. 

Peasant  and  Prince. 

Mary  Lee. 

Mary  Staunton. 

Mathews  on  Whist. 

Mayhow's  Illustrated  Horse  Doctor. 

May's  Bertram  NoeL 

T>oui»'  School  Day  a. 

Mortimer's  College  Life. 

Sunshine  of  Greystone. 

McCormick's  Visit  to  SebostopoL 
Mcintosh's  Aunt  Kitty's  Tales. 

Charms  and  Counter  Charms. 

Evenings  at  Donaldson  Manor. 

Lofty  and  Lowly.    2  vols. 

Maggie  and  Emma. 

Meta  Gray. 

Two  Lives. 

Two  Pictures. 

New  Juvenile  Library.  7  vols,  in  case. 

McLee's  Alphabets. 
McWhorter^s  Church  Essays. 
Meadows'  Italian  Dictionary. 
Memoirs  of  Catharine  II. 
Merchant  of  Venice. 

Merivale's  Histonr  of  the  Romans.    7  voU 
Conversion  of  the  Roman  Empire. 
**  **      Northern  Nations. 

Merry  Christmas  Book. 
Micbelet's  France.    2  vols. 
Mllhouse's  Italian  Dictionary.    2  vols. 
Mill's  Political  Economy.    2  vols. 
Mllledulcla. 
Milton's  Poems. 

Paradise  Lost 

Miniature  Library.   27  vols. 

Ministry  of  Life. 

Mintnm's  Travels  in  India. 

Modem  British  Essayists.    8  vols. 

Modet's  Light 

Moore's  Rovolutlonarr  Ballads. 

Moore's  (George  H.)  Notes  on  the  History 

of  Slavery  In  Massachusetts. 
Moore's  (Tho&)  Irish  Melodies. 
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Moorf>  ^Thofl.)  Mcmoira  and  Journal.  2  yli. 

1^1  lah  U.wkh. 

l\K'm«.    1  vol.,  cheap  edition. 

!><).,  on  fine  tinted  paiKT. 

Morales'  Snanish  Ueadcr. 

Moran  on  Monov. 

Mori's  I*ractlcar  Piety.    2  vols. 

Private  Devotions. 

Domestic  Tales, 

Rural  Talcs. 

VUlaffc  Tale.H.    2  vols.  In  1. 

Morin's  Practical  Mechanics. 
Moq)h>-'s  Chess  Uamcs. 

Triumphs. 

MuUisran's  Knglish  Grammar. 
My  Cave  Life  in  Vicksburg. 

Napoleon  Donaftarte,  by  F.  de  rArdcche. 
Napoletm  C-orrrsiMindtuce.    2  vols. 
New  Fairy  8toriei% 
Newcomb"  on  Financial  Policy. 
Newman^s  Apoh^ia  I*ro  Vita  Sna. 

Sermons. 

Nevr  Testament,  with  <  npravings  on  woo<l 

from  designs  by  the  aneient  masters. 

1  vol. 
New  Testament,  with  Comment  by  E.  Chur- 

ton  and  W.  R  Jones.    2  vols. 
New  York  City  Banks. 
Now  York  l*lctiire  iiallerlee. 
Xlditcap  Scrli'»of  JnvoniU':..  6  vol:*,  in  ra»o. 
Nl^rlifitiirnle  on  Nursimr. 
Novum  'r.stainontnin.  intcrprotc  Bcza. 
Nncva  r.iMloti'oa  4k-  la  Itisa. 
Nu<»vo  T^.■^o^o  dl  SclKTgos. 
Nuri^ory  liai^kct. 

(V('all:iirli;U)*8  New  Nothcrlandf.     2  vols. 

<JChlsolilairor'8  CJerman  lieadcr. 

0:rill)V  on  I^av  B;ii>llsni. 

Oldfel low's  I'ncU-  Nat. 

Ollphanfs  Katmandu. 

011en«l<'rirs  I'.nj;.  (iramtnar  for  Spanianls, 

A  Koy  to  the  Exorcii^o^. 
ICn^'lIsh  Grammar  fcir  (icimans. 

A  Kt'V  to  Iho  Kxcrci^oj*. 
Frt-noh  (irammar,  by  .lewett. 

A  Kt'V  to  the  KxcrVlsts. 
Fnnch  (iramniar.  by  Value. 

A  Koy  t.»  the  K\ii''ls.-8. 
Fniich  (Jnimmar  for  J^panlards. 

Kt'V  to  tlic  Hamc. 
runium  (Jnimmar. 

A  Key  to  the  Kxcrclscs. 
IlalJan'tJrammar. 

A  Key  to  the  Kxerclsos. 
Spanish  Orammar. 

A  Key  to  the  I^xerclses. 
Orto^afia. 

Ordronaux'  Hints  on  Ifoalth. 
Oriental  Library.     T)  vols,  in  case. 
Ostroo«rs  lIear(l.t>toue. 

Mile  Stones*. 

Ostervald't*  Nouvcau  Testament. 
Otis'  I^indseapei*.     1  vol. 

The  same,  in  6  i)arts. 

Studies  of  Animals.     1vol. 

Studies  of  Animals.,  6  parts. 

Ovennan's  Metallurpy. 

Owen's  (Jno.  J.)  Acts  of  the  Apostles. 

tJretk  Keader. 

Homer's  Odyssey. 

Homer's  Hlad. 

Thucydides. 


Owen's  (Jno.  J.)  Xonopbcm's  Anabasis. 

Xenophon's  C^rofMtdia. 

Owen's  Penmanship.    8  book& 

Paez'  Geofn^fla  del  Mnnda 

Images  and  IMctun's.     From  the  writings  of 
James  FenUuorc  Cooper. 

Paine's  Teut  and  Ilorcm. 

Palenzuela's  Graroatica  Inglcsa. 
Key  to  the  same. 

Palmer's  Book-keepine. 

Parker's  Critical  and  Miscellaneone  Writingi. 

Speeches  and  Addoesses.     8  vola. 

Additional  Speeches.    8  vols. 

Sermons  of  Theism. 

Ten  Sermons. 

Trial  and  Defence. 

Two  Christmas  Celebrations. 

Works.    2  vols. 

{Ufe  of  The<»dore).     2  vols. 

;     Parley's  Fa«fw>ts  for  tht*  Fireside. 

Present  for  all  Seasons. 

Parley's  Wanderers  by  Sea  and  LAnd. 
;     Patton's  Hlstoiy  of  the  United  Statea. 

Paul  and  Virfrlnla. 
i     Pearson  on  the  Creed. 
1     Perkins'  Primary  Arithmetic. 

Elementary  Arithmetic 

l*ractical  Arithmetic 

i     The  same,  in  Spanish. 

A  Key  to  Practical  Arithmetic 

I  litrher  Arithmetic 

Altrebnu 

Hi-her  Algi'bni. 

I     (ieometry. 

I     Higher  ('ieometry. 

I'lanc  Trijronometry. 

IVrry's  Americans  in  .lap.in. 

I^xpeditlon  to  the  Cliina  Seas  and  Japan. 

;     I\tlt's  Housch«»ld  Mysteries. 

IVvrac's  Comnn-nt  o"n  Parle  a  Paris. 

Ph'elan  on  Billiards. 

I*h«rnixiana. 
I     I^ieture  (Jallory,  in  Spanish. 

IMcktU's  Narrative.      IIiitor>    of  the  Poto- 
I  mac  Comj)any. 

:     Pl.ancbes'  lA-a<l  DiM-ases. 

I'lato's  AiK>lo{xy. 

Po*-tleal  ({ems.' Blue  and  Gold.  C  vis.  in  case. 

Poets'  (Jallery. 

Pollok's  I*c>ems. 

IVmerov's  Munici[)ul  Law. 

P()|K*'s  Poems. 

I'orter's  Scottish  Cliiefs. 

Portraits  of  my  Married  Friends^ 

l*raetloal  Cook  Book. 

lYatt's  DawningB  ottienlus. 

lYinec  Charlie.' 

Pulpit  Cyclopaedia  A-  >nnister'8  Companion. 

launch's  i*oeket-Book  of  Fun. 

Punchinello. 

l»ure  Gold. 

Pust»v's  Eirenicon. 

Putz's  Ancient  Gcosraphy. 

Mediaeval  (ieoprapby. 

Modern  Geography. 

Quack eubos'  First  Book  in  Enij.  Grammar. 

English  Grammar. 

I     First  Ix^ssons  on  Comprxsitlon, 

I     Advanced  Course  of  Composition  and 

:  Khetoric. 

Natural  Philosophy. 

I     Primary  History. 
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Quackenbos'  History  of  the  United  States. 
■  Primary  Aritbmotic 


-  Elementary  Arithmetic. 

-  IVactlcal  Arithmetic. 


Queens  of  Enfrbnd :  a  Series  of  Portralta. 

llailway  An.'cdoto  Book. 

Kawlluson's  lli-rodotus.    4  vols. 

UtH^reative  f{ea<IinK8  In  French. 

Keid'9  English  Dictionary. 

Rominiscenccs  of  a  Zoiiavc. 

Replies  to  Ess-iys  and  Reviews. 

Republican  Court. 

Report  on  tlie  Hygienic  Condition  of  New 

York  City. 
Report  of  the  L* .  9.  Revenue  Commission. 
ReynanI  the  Fox.  After  the  version  of  Goetho 
Reynolds  on  Hand- Railing^ 
Rice's  (Harvey)  Poems. 
Richards"  At  Home  and  Abroad. 

IMeasure  and  Profit. 

IIarr>'s  Vacation. 

Electron. 

Rlconl's  Youth's  Grammar. 
Ripal«la's  !:^pani9h  Catechism. 
Rohbins'  Book  of  Poetry. 

(iuide  to  Knowled^. 

Robertson's  English  Coarse  for  Spaniards, 

with  Key. 
Roemcr's  First  French  Reader. 

Second  French  Reader. 

Polygh>t  Readers — comprising  Enjc- 

lishText ;  French. German, Spanish, 

and  Italian  Translations. 
Rosa  Mrstica. 
Rosales*^  Gaton  Christiana. 
Round  the  Block. 
Rowan's  French  Reader. 

French  Revolution.    2  vols. 

Royo's  ln«trucclon  Moral. 

St.  Pierre's  Paul  and  Virginia. 
Saintaine's  Picciola.    (In  French.) 
Sallust,  with  NoU'S. 
Sampson's  Brief  BemarVr. 
Sanclh.iDi's  Twin  Sisters. 
Sanitary  Condition  of  New  York. 
Sarmiento's  Ix^ctura  Gradiul. 
Savarln's  Hand-Book  of  Dinlnji:. 
Schedel's  Emancipation  of  FaiUu    2  vols. 
Schmidt's  Ancient  Geocraphy. 
Schmucker's  History  of  the  Foot  Georges. 
Sehweffler's  History  of  Philosophy. 
Scott's  Lady  of  the  Idtke. 

Lay  of  the  Last  Minstrel. 

Marmion. 

Poem!«,  16mo. 

Poems,  bvo. 

Scott's  Soldier's  Book. 

Seoane  and  Neuman's  Spanish  Dictionary. 

The  same,  abridffe<L 

Sermons  by  the  PanUsts. 
Sewell's  Amy  Herbert 

Cleve  Hall. 

-Earl's  Daughter. 

Experience  of  Life. 

(Jlimpse  of  the  World. 

Gertrude. 

Ivors.    2  vols. 

Katharine  Ashton.    2  vols. 

Laneton  Firsonaffe.    8  vols. 

Margaret  Perdvu.    2  voli, 

School  Journal. 

Ursula.    2  Tote. 


Seweirs  Early  Church. 

Night  Lessons. 

Passing  Thoughts. 

Principles  of  Education. 

History  of  Rome. 

History  of  Greece. 

Sewell's  (R.)  Bountv, Pension,  and  Prize  Laws 

Shader's  Copy- Books. 

Shakspearc's  Works.    1  thick  vol.,  8to. 

Works.    2  vols.,  8vo. 

Works.    1  vol.,  bvo. 

Works.    4  vols.,  8vo. 

Shakspearc  Gallery. 

Tempest    Illustrated. 

Bherbrooke.  By  H.  F.  G.  Author  of '♦Madge." 
Sherlock's  Practical  Christian. 
Slgoumev's  Letters  of  Life. 
Sllber's  lht)gre88ivc  Lessons  in  Greek. 
Silver's  Answer  to  Colenso. 

Symbolic  Character. 

Simonce's  French  Grammar  for  Spaniards. 

Key  to  the  same. 

French  Verbs. 

Sketches  and  Skeletons  of  Sermons. 
Smith's  (A.)  Astronomy,  in  Si>anifih. 

(Jeography,  in  Spanish. 

Smith's  (H.)  Gaieties  and  Gravities. 

Smith's  (J.)  Life. 

Smith's  (J.  W.)  Mercantile  Law. 

Smith's  (P.)  Universal  History.    8  vols. 

Smith's  (SO  Works. 

Smoker's  Text-Book. 

Southard  on  Godliness. 

Southey's  Oliver  Oomwell. 

Poems. 

The  same,  cheap  edition. 

Southgate's  Syrian  (Jhurch. 
Souvestre's  Attic  Philosopher. 

Family  Journal. 

Soyer's  Modern  Cookery. 

Spalding  on  Entrlish  Literature. 

Speckter's  Picture  Fables. 

Spectator  (The).    G  vols. 

Spencer's  Classlflcatlon  of  the  Sciences. 

Education. 

Essays :  Moral,  Political,  and  .^thetic. 

First  Principles. 

Illustrations  of  Progress. 

Social  Statics. 

Works.    5  vols. 

Psychology. 

• Biology.    Vol.  L 

Spenser's  Poems. 

Spiers'  (Jewett)  French  and  Encr.  Dictionary. 

School  French  and  Enfrlish  Dictionary. 

Spiers'  and  Surcnne's  French  Dictionary. 

New  Abridced  Edition. 

Sphitual    Conceitf*.      Extracted    from    the 

wrltlnirs  of  the  Fathers. 
Spragne's  History  of  the  Horlda  War. 
Stabat  Mator. 

Steam's  Shakspcare's  Medical  Knowledge. 
Stratford  (Jallery. 
Strickland's  Queens  of  England :  a  Series  of 

Portraits. 
StoryofaGcnin.s. 
Surennc's  French  Dictionary. 

New  French  Manual. 

Sutton's  Learn  to  Live. 
Swarts'  Letters. 
Swetton  Consumption. 

Tacitus'  Histories,  by  Tvler. 
Germania  and  Agricola. 
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Tales  for  the  People. 
Talfuards  and  StvphenA'  Essays. 
Tappan^s  ElciiifuU  or  Luific 

Trnvfli*  in  Euro|M>.    2  voIjj. 

T.1SSO,  by  WittVn. 

Taylor  ('icrtuiy)  »n  Eiilswpacy. 

ll<ily  J^iving  ami  I)}  injr. 

Taylor's  (W.  C.)  Mauual  of  History. 

Seuiratv :  Ancient  lllittory. 
Modem  History. 
Tegg's  Chronoloffy. 
Tcmnltfton's  Millwright's  Companion. 
Thackeray  the  Humourist  and  Jilan  of  Letters 
Barry  I^rndon.    2  Tola. 

-  Book  of  JSnoba. 


-  Mr.  Brown's  Letters. 


nta-Boodle. 

Jeames'  Diary. 

Men's  Wives. 

Paris  Sketch-Book. 

Punch's  Novelist. 

Shabby  Genteel  Story. 

Yeliowplush  Papers. 

Works.    6  vols. 

Dr.  Birch. 

Thiers'  liYench  Revolution.    4  volt. 

cnieap  Edition.    2  vols. 

Thomson's  Seasons. 

Thorpe's  Bee-Hunter. 

Thoughts  in  Affliction. 

Tin  Tnirapot, 

Tokens  of  Affection,    5  vols. 

Tolon's  Spanish  Ueader. 

Towlc's  lllstory  of  Henrv  the  Fifth. 

Treai*ury  of  Travel  and  Adventure. 

Tn>ncli  on  the  Miracles, 

"      Paral)les. 

"  *•       Condensed. 

Trescott's  Diplomacy. 

Truran  on  Inin  Manufacture. 
Tyndall  on  Heat  and  Motion. 

On  Umliatlon. 

Tynjj^'s  Four  Gospels. 

I'hlemann's  Syriac  Grammar. 

X'nclo  John's  Llbrarv.    6  vols.  In  case. 

I'pfold's  Manual  of  J)evotlon8. 

Ire's  Dictionary,  with  Supplement,  8  vols. 

Supplement  beparately. 

VandenhofTs  Note  Book. 
Vauffhan's  He  volutions  of  Race. 
Velazquez'  Spanish  Dictionary. 

Abridped. 

Spanibh  Conversations. 

Sfmnish  Reader. 

Vignettes  (Cooper's),  from  Drawings  by  F. 

O.  C.  Darley. 
Villas  on  the  Hudson. 
Virjfirs  .f:neld. 
Virginia  Comedians.    2  vols. 
Voltaire's  Charles  XII.,  in  French. 

Wainwrifflit's  Sermons. 

Walworth's  Gentle  Skentlc, 

Ward's  Lyrical  Recreations. 

Wanls  Naval  Tactics. 

Warner's  (A.  B.)  Mv  Brother's  Keeper. 

Warner's  (Miss)  Hills  of  the  Shatemuo. 

Warner's  (J.  F.)  lessons  In  Music. 

Watson's  Men  ami  Times. 

Watfs  (James)  Life. 

Waverley  Gallery. 

Web8ter*8  Spelling  Book.    New  Edition. 


Webster's  Quarto  Dictionary,  Unabridged. 

Primary  Dictionat    . 

Common  School  Dlv  ionary. 

High  School  Dictionary. 

Academic  Dlctioj.."  v. 

Counting-House  .  /wiilly  Dictionary. 

Pocket  Dlctionaiy. 

Week's  I>ellght. 

Welby's  Poems. 

Wells'  Things  Not  Generally  Known. 

Wentz's  Smiles  and  Frowns. 

Whewell's  In<luctlve  Sciences.     2  vols. 

Whist,  by  Czekhs. 

White's  ( Rev.  J.)  Eighteen  Christ.  Centuries,    i 

History  of  France. 

White's  (R.  G.)  Shakspeare's  Scholar. 

White's  (Klrke)  Poems. 

Whitehead's  History  of  Perth  Amboy.  ' 

New  Jeri-ey. 

Whitney's  Poems'. 

Whiton's  First  IxsEons  in  Gretk. 

Wife's  Stratatrem. 

Wight's  Translation  of  Cousin. 

Edition  of  Hamilton. 

Williams'  Isthmus  of  Tehuantepcc.    2  vols. 

Wilmott's  Summer  JoumiU. 

Wilson's  Sacra  I'rivata. 

Wilson's  (Prof.  John)  Essays. 

Wilson's  (J.)  Price  Book. 

Wilson's  (Kev.  W,  D.)  Treatise  on  Lode. 

Wlnkleman's  French  Syntax. 

Winslow's  Moral  Philoiiiophy. 

Winter  Evenluy  Library.     &  vols,  in  ca^o. 

Woman's  Worth. 

Wood's  Man>inir  Too  I-ite. 

W»M>d  (J.  <}.)"H"nus  without  Iland?. 

Worlil-.\otr<l  Women. 

Worthen's  IJmiinunlary  Drawlnjr, 

Kin«t  Lessons  in' Mechanics, 

Wright's.  (\.  I).)  I'rlmarj-  Lessons.  | 

WriL'ht's  (J.  11.)  Oeean  Work. 
Wyatt's  Christian  Altiir, 

Xenophon's  Analiasis,  bv  Boise.  ' 
Memorabilia,  by  llobbius.  i 

Yonge's  Beechrrt>fl. 

Ben  Sylvester's  Word. 

Ca.«itle*  Builders. 

Clever  Woman  of  the  Familv. 

Dal.ov  Cliain.    2  vol?.  '  I 

The  Trial. 

Dynevor  TtTnif<>.    2  vols. 

Friarswuixl  l'o>t  (>ttlce. 

Heart?ea«-e.    "J  vols. 

Heir  of  K.  <lelyl!e.    2  vols. 

Hoi»es  an<l  Frars. 

Kenneth. 

Ijinces  of  Lynwood. 

Richard  tlie'  Fearless. 

StokeM*  y  Sicret. 

Two  (Tunnllans. 

Youni:  >trrnnoth«r.     2  vols. 

The  Dovf  in  the  Eaffle's  Nest. 

Young  American's  Library.    U  vols,  in  case. 
Youmans'  Alcolioi  and  Man. 

Cla.s.-i-Book  of  Chemistry. 

Chjirt  of  Chemist rv,  on  roller. 

Chemical  Atlas. 

Household  Science. 

Younsr's  Poems. 
Youth's  Book  of  Nature. 

Zschokke's  Goldmaker's  Vlllagi». 
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